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General  view  of  the  apparatus  used  in  Part  1 
and  Part  111.  Motor  and  gear  of  hydraulic  pump 
in  left,  foregrounu,  unermostat  in  centre  fore¬ 
ground,  main  gas  storage  and  gas  compressor  in 


right  background 
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General  Introduction 

13118  research  was  suggested  by  observations  on  the 
rapid  corrosion  of  lead  gaskets  used  to  seal  high  pressure  gas 
scrubbers  containing  concentrated  sulfuric  acid.  These  scrubbers 
are  used  to  remove  sulfur  compounds  added  as  odorants  to  Viking 
natural  gas  supplied  to  the  city,  and  used  extensively  in  gas 
research  here.  Considerable  amounts  of  sulfur  dioxide  were 
evident  in  the  off-gases  from  these  scrubbers.  The  sulfur  di¬ 
oxide  was  removed  by  sodium  hydroxide.  Apart  from  its  purely 
local  interest,  this  work  is  of  value  as  a  contribution  to  the 
general  study  of  the  activity  of  acids  under  high  pressure.  The 
investigation  was  planned,  primarily,  to  supply  an  explanation 
for  the  observations  made  on  the  corrosion  of  lead  gaskets,  and 
necessarily  included  experimental  work  on  the  corrosion  of  lead 
in  a  ifuric  acid  of  various  strengths,  under  various  pressures 
and  temperatures.  A  complete  program  would  have  included  the 
activity  of  sulfur  dioxide  and  hydrogen  sulfide  solutions  under 
pressure.  The  lack  of  time  and  facilities  has  not  permitted  more 
than  a  beginning  in  this  last  respect  by  including  work  at  atmos¬ 
pheric  pressure  only. 

Consideration  of  the  problem  showed  that  in  preliminary 
work  at  least,  three  main  divisions  were  necessary.  First  - 
there  was  the  determination  of  the  action  of  sulfuric  acid  alone 
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in  various  concentrations  and  at  various  pressures  upon  metallic 
lead.  This  part  includes  logically  the  effect  of  temperature. 
Second  -  there  was  the  action  of  solutions  of  sulfur  dioxide  and 
hydrogen  sulfide  in  sulfuric  acid  of  various  concentrations  on 
metallic  lead.  This  part  was  limited  to  work;  at  atmospheric 
pressure  and  room  temperature.  Third  —  quantitative  determin¬ 
ations  of  corrosion  of  lead  under  controlled  conditions  simulating 
those  obtaining  in  the  scrubbers,  was  carried  out.  This  involved 
the  determination  of  the  sulfur  content  of  the  gas  before  and 
after  passage  through  the  acid,  its  conversion  to  sulfur  dioxide 
or  hydrogen  sulfide,  if  any,  and  the  amount  retained  by  the  acid 
in  solution  or  in  combination. 

It  has  been  accepted  generally  that  the  activity  or 
strength  of  acids,  and  particuiarily  acid  gases,  in  solution, 
increases  markedly  with  pressure.  The  work  of  Erase  (  8  }  may 
be  cited  for  example.  Erase  showed  that  saturated  solutions 

of  carbon  dioxide  under  a  pressure  of  100  atmospheres  had  an 
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increase  in  dissociation  constant  from  something  like  10 
to  10~5. 

In  regard  to  the  corrosion  of  lead  in  sulfuric  acid  at 
atmospheric  pressure,  a  large  volume  of  publications  has  appear¬ 
ed  showing  little  agreement,  either  as  to  the  rate  of  corrosion, 
the  mechanism  of  reaction,  or  the  solubility  of  lead  sulfate. 
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In  this  work,  lead,  sulfite  is  also  a  factor  and  little  appears 
in  the  literature  in  regard  to  the  properties  of  this  compound. 

It  may  be  assumed  that  the  process  of  corrosion  is  normal  and 
follows  the  electrolytic  theory  as  advocated  by  W.  B.  ^hitney  ( 16 ) 
J.  W.  Shipley  (15),  B.  Lambert  and  H.  E.  Cullis  (9  ),  and  others. 
Little  more  can  be  said  without  further  collection  and  study  of 
experimental  data. 


• 
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The  Effect  of  Sulfuric  ^cid 
on  Lead  under  High  -Treasures. 
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PABT  1 

Introduction 

ns  already  stated,  it  was  considered  of  interest  to 
make  some  observations  on  the  effect  of  various  strengths  of 
sulfuric  acid  on  lead,  under  varying  conditions  of  temperature 
and  pressure*  Suci;  work  was  not  new  excepting  in  regard  to  the 
use  of  high  pressures*  It  was  necessary,  however,  to  carry  out 
a  series  of  tests  under  atmospheric  conditions  as  controls,  with 
the  same  metal  and  acid  for  comparative  purposes.  Lead  and 
sulfuric  acid  vary  in  degree  of  purity,  depending  on  the  source 
of  material  and  the  method  of  manufacture. 

The  object  of  this  part  of  the  work  was,  primarily,  to 
determine  whether  sulfuric  acid  alone  was  able  to  corrode  lead 
at  the  rate  and  in  the  manner  originally  observed  in  the  high 
pressure  scrubbers. 

It  was  felt  that  if  the  number  of  concentrations  of  acid 
were  increased  in  the  experiments  unaer  atmospheric  pressure,  tha 
some  observations  of  general  nature  might  be  added  to  this  part¬ 
icular  field  of  research.  Accordingly,  besides  the  concentration 
of  acid  used  in  the  scrubbers,  namely  93/6,  several  other  concen¬ 
trations  were  \ised  -  from  37/o  upwards. 


. 

. 

. 


[  ■. 
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Literature  Review 

In  reviewing  the  comparatively  voluminous  literature 
in  connection  with  lead  and  sulfuric  acid,  it  is  quite  evident 
that  no  definite  agreement  has  been  reached  as  to  the  rate  and 
extent  of  solubility  of  lead  sulfate  in  sulfuric  acid  of  varying 
concentrations.  But  there  seems  to  be  adequate  reason  to  believe 
that  the  rate  of  solubility  of  lead  sulfate  in  sulfuric  acid  de¬ 
pends  on  the  concentration.  In  general,  it  was  found  that  the 
higher  the  concentration  the  greater  the  solubility  of  the  lead 
sulfate. 

H#  yitz  and  p.  auh;  user  (  1  )  working  with  concentrated 
and  fuming  acids  at  17  -  IQ. 5 0  found  the  following  solubility 

results; 

H2S04/i»  98.11,  98,94,  100.0,  100,01  ( 5  S03 ) ,  105.05(15^S03) 

PbS04%  0.54  1.34  1.4  3.54  8.23 

A.  Marshall  (10)  found  90%  H2804  dissolved  0.09 )h  PbS04  and 

94%  H28Q4  dissolved  0.06%  PbS04» 

J.  H.  Gladstone  and  V/.  Hibbort  (  5  )  working  with  29%  HgSQu 
(sp.  gr.  1.22)  claim  a  solution  of  0.012  graxos  per  litre. 

(3) 

C.  R.  Presenius/ found  solubility  of  lead  sulfate  in  dilute 
I ...  8O4  to  be  0.0025  parts  per  100  parts  acid.  Pleisner  (14  ) 
in  his  work  with  dilute  acids  and  water  showed  that  solubility 
decreased  from  0.000126  mois.  per  1000  gm.  in  pure  water  to 
0.000017  per  1000  gm.  in  0.005  mois.  sulfuric  acid. 
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J.  Kolb/reports  the  following  at  room  temperature: 

&,SG4  sp.  gr.  1.84  dissolves  0.039  gL  »  PbSC>4  Per  100  €?&•  acid 

H2SO4  sp.  gr.  1.793  dissolves  0.011  gm.  PbS(>4  por  100  gm.  acid 

ggSO/t  SP*  g**  l*d4  dissolves  0.003  gm.  PbSC^  per  100  gm.  acid 

These  and  other  workers  show  general  agreement,  at 

least,  even  though  greatly  at  variance  with  each  other  in  their 
data.  The  essential  point  brought  out  by  this  work  is  the  rapid 
increase  in  solubility  of  lead  sulfate  as  the  acid  concentration 
approaches  100%  and  over. 

The  reaction  between  lead  and  sulfuric  acid  may  be 
assumed  to  be  as  follows: 

Pb  -+  H2SO4  =  Pb  ( IIP O4 )  g-t  Hg 

The  lead  acid  sulfate,  on  hydrolysis,  forms  the  normal  lead 
sulfate  (PbSC^)*  which  precipitates  as  a  white  solid  when  the 
solution  becomes  saturated, or  diluted  by  addition  of  water. 

This  accounts  for  the  resulting  milkiness  v/hen  water  is  added 
to  a  sulfuric  acid  solution  containing  lead  sulfate. 

Considerable  doubt  has  been  expressed  as  to  the  com¬ 
position  of  the  solids  formed  by  the  reaction  of  HgSC^  on  lead, 
and  the  compound  HgSO^.PbdC^  has  been  suggested.  An  investi¬ 
gation  of  the  ternary  system,  i  00O4.H  .SC^.HgO  by  a.  D.  Donk  (2  ) 
failed  to  confirm  the  existence  of  this  compound,  according  to 
Donk  the  only  solid  phase  was  PbSC^. 


Fuming  sulfuric  acid  attacks  lead  more  rapidly  than 


.... 


..  , 


. 
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sulfuric  acid  itself,  H.  Oita  and  F,  Kanh.auser  (  1  )  offer 
tiie  explanation  that  the  ..tore  soluble  oyrosulfate  salt  is 
formed  - 

Pb  +  H2S2O7  =*  PbSgOp  +  H-2 


PL&TE  2 


Showing  the  hydraulic  pressure 
equipment- f  the  thermostat,  and 
apparatus  as  shown  in  Figure  IV. 
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Materials 

The  lead  used  throughout  thi3  experimental  work  was 
taken  from  the  same  piece  of  electrolytic  lead  used  for 
commercial  purposes,  as  manufactured  at  Trail,  B.C.  The  sample 
appeared  to  he  of  good  quality,  and  was  free  from  visible  in¬ 
clusions.  It  was  not  analysed  except  qualitatively,  showing  a 
trace  of  arsenic  and  antimony. 

The  sulfuric  acid,  (also  from  Trail  B.C. ),  used  in 
the  experiments  was  drawn  directly  from  a  carboy  and  stored  in 
glass  stoppered  bottles  to  serve  for  the  entire  set  of  experi¬ 
ments.  This  acid  had  a  specific  gravity  of  1,830,  correspond¬ 
ing  to  a  concentration  of  93.1$  by  weight. 

The  lead  samples  were  cut  as  nearly  as  possible  the 
same  size  -  1,25  in.  x  0.25  in.  x  0.125  in.,  to  give  a  surface 
area  of  one  square  inch.  Each  piece  of  lead  had  the  oxide  coat¬ 
ing  carefully  and  thoroughly  removed  by  an  abrasive.  A  hole 
was  punched  near  one  end  to  facilitate  the  removal  of  the  lead 
from  the  acid,  or  for  suspending  the  metal  in  the  solution. 

Redistilled  mercury,  further  purified  by  aeration  in 
a  5-10$  nitric  acid  solution,  was  used  as  a  liquid  seal.  No 
noticeable  attack  by  sulfuric  acid  on  the  mercury  was  over 


obtained 


•  •  ! 
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The  high  pressure  apparatus  for  car  lying  out  the 
determinations  is  shown  diagraimticaliy  in  Fig,  1.  It  con¬ 
sisted  of  a  high  pressure  hydraulic  pump,  B,  capable  of 
operating  at  pressures  of  5,000  lbs.  per  sq.  inch.  The  pump 
was  connected  to  a  two-way  valve,  C.  From  C,  connections  were 
made  to  a  relief  valve,  D,  and  to  the  oil  reservoir,  n.  D,  was 
connected  to  the  surge  bottle,  E,  which  in  turn  was  connected 
to  a  recording  Bourdon-tube  guage,  0,  and  to  the  autoclave,  F. 
The  autoclave,  F,  which  is  shown  in  detail  in  Fig.  5,  contained 
the  glass  reaction  vessel,  as  shown  in  detail  in  Fig.  2.  The 
autoclave  was  im  ersed  in  a  thermostatically-controlled  oil 
bath,  K,  the  mercury-filled  thermo  regulator ,  H,  controlling  the 
heater,  L,  through  suitable  relays. 

The  reaction  vessel.  Fig.  2,  was  constructed  of  pyrex 
glass.  The  hollow  stopper,  B,  with  a  glass  hook  on  its  lower 
end,  fitted  snugly  through  a  ground  glass  joint.  A  mercury 
container,  E,  was  connected  to  the  acid  container,  C,  by  means 
of  three  wire  hooks.  The  whole  was  suspended  fro  the  head  of 
the  autoclave  by  a  wire,  A.  The  lead  sample  was  hung  on  the 
glass  hook  on  the  lower  end  of  the  stopper,  B,  making  contact 
with  glass  and  sulfuric  acid  only. 

The  autoclave,  as  shown  in,  F,  in  Fig.  1,  and  in  detail 
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in  Fig.  6,  was  1  5/8  inches  in  diameter  and  11  1/4  inches 
in  length  (inside  measurements),  a  tight  leak-proof  closure 
was  obtained  by  the  use  of  an  annealed  copper  gasket  between 
the  head  and  body. 

lyrex  tost  tubes  of  60  cc.  capacity,  with  rubber 
stoppers  were  used  as  the  reaction  vessels  for  tests  under 
atmospheric  conditions, 

.malytlcal  procedure 

a  sample  of  lead,  of  size  and  shape  as  already  des¬ 
cribed,  was  thoroughly  cleaned,  washed  in  distilled  water,  and 
dried  by  a  rinse  in  ethanol  and  ether,  .after  letting  the  sample 
come  to  room  temperature,  it  was  weighed  and  uhen  suspended  on 
the  hook  at  the  end  of  the  stopper,  8,  Fig.  Z.  The  vessel,  E, 
was  filled  with  mercury  to  approximately  the  tv/o-third  level. 
Following  this,  the  acid  chamber,  C,  was  filled,  with  a  pre¬ 
viously  weighed  quantity  of  acid,  until  all  of  the  air  was  ex¬ 
cluded  when  the  stopper  with  the  suspended  metal  was  fitted  into 
place.  The  exclusion  of  air  was  readily  accomplished  by  adjust¬ 
ing  the  height  of  mercury  in,  E.  The  stopper  yjas  weighted  with 
mercury  to  keep  it  in  lace,  and  finally  the  ground  joint  be¬ 
tween  the  reaction  chamber  and  the  stopper  was  sealed  with 
mercury.  The  whole  was  attached  by  means  of  a  wire  to  the  head 
of  the  autoclave,  F,  Fig.  1,  which  was  then  lowered  into  place 
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and  the  autoclave  filled  to  overflowing  with  oil.  After 
seating  the  head,  connection  was  made  to  the  oil  line  and  the 
pressure  raised  to  the  desired  point  by  the  operation  of  the 

hydraulic  pomp. 

The  metal  was  left  under  pressure  for  varying  periods 
of  time,  the  maximum  being  approximately  four  days.  The  lead 
was  taken  out  for  weighing  after  approximately  3,  9,  18,  etc. 
hours  in  the  acid.  'The  exact  intervening  periods  are  shown  in 

the  respective  tables. 

To  remove  the  metal  from  the  pressure  system  for  weigh¬ 
ing,  the  valve  leading  to  the  oil  reservoir  was  partially  opened, 
allowing  the  oil  to  run  out  until  atmospheric  pressure  had  been 
reached.  The  autoclave  was  opened,  the  reaction  vessel  detached, 
mercury  seal  removed  by  means  of  a  capillary-tipped  pipette,  the 
stopper  with  the  metal  removed  and  washed  in  water,  followed  by 
alcohol  ana  ether,  .of ter  weighing  it  was  immediately  replaced 
according  to  the  procedure  already  described  for  a  further 
period  of  time. 

In  the  controls  unuer  atmospheric  pressure,  a  60  cc. 
pyrex  test  tube  was  -used.  Thirty  cc.  of  acid  was  poured  into 
the  vessel  and  the  metal  lowered,  to  rest  on  the  bottom  and 
against  the  wall  as  shown  in  Pig.  3.  Cleaning,  washing,  dry¬ 
ing  and  weighing  of  these  samples  followed  the  procedure  des¬ 


cribed  above 


w  to  o  to 


FIGURE  2 


....  Wire  for  suspend! ,ig 
....  Glass  stopper  with  hook 
....  Reaction  chamber 
. . . .  The  metal 
•  . . .  Mercury  container 


-15- 


The  various  concentrations  of  acid  w ere  made  up  by 
diluting  the  95/S  stock  acid  to  the  desired  concentration.  The 
specific  gravity  was  read  by  means  of  a  set  of  hydrometers.  The 
major  p;  rt  of  the  work  was  carried  out  using  the  93,h,  77%,  62% 
and  27%  concentrations.  Less  extensive  experiments  were  carried 
out  with  solutions  of  91/5,  09>  and  67%  acid,  20/5  30^  fuming  and 
10/5  SO^  fuming  sulfuric  acid. 

The  high  pressure  experiments  were  carried  out  at 
lpOO  and  3,500  pound  pressure  per  sq.  inch,  at  25°C. ,  and  at 
3,500  pounds  per  sq.  inch,  at  40l)C.  The  controls  under  atmos¬ 
pheric  pressure  wore  t  room  temperature  (20-25  degrees  C. ), 
and  at  40°C. 
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Results  and  Discussion 

The  experimental  data  is  presented  in  the  form  of 
tables  ana  as  graphs.  The  tables  are  generally  self-explana¬ 
tory.  The  "Weight  of  Sample"  at  aero  hours  is  the  initial 
weight  before  placing  in  the  acid.  The  following  weights 
correspond  to  weights  after  the  various  times,  measured  from 
zero,  tabled.  The  "Change  in  eight"  gives  the  total  change 
in  weight  referred  to  the  "Weight  of  the  Sample"  at  zero  hours 
time.  The  graphs  are  plots  of  the  "Time"  column  plotted  against 
the  "Change  in  Weight"  column. 

One  of  the  most  noticeable  features,  based  on  obser¬ 
vation,  is  the  color  change  of  the  surface  of  the  metal.  The 
color  passed  through  a  series  of  purples,  blues,  and  finally 
re;  ched  the  metallic  grey* or  grey  of  the  lead  sulfate.  This 
color  change  varied  with  the  time  and  concentration,  and  appear¬ 
ed  to  be  due  to  increasing  thickness  of  the  product  formed  on 
the  surface.  On  the  whole,  it  was  observed  that  the  film  of 
corrosion  products  adhered  very  tenaceously,  particularly  where 
the  corrosion  was  slight.  A  striking  instance  to  show  the 
nature  of  the  surface  layer,  when  corrosion  was  rapid,  was  ob¬ 
served  with  the  IQ/o  fuming  acid  solution.  The  surface  layer 
appeared  like  a  loose,  bulky  shell  or  crust,  readily  peeling 
off  from  the  metal  in  complete  sections. 


TABLE  X 
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% 


Lead  in  Sulfuric  -i.cid 


Temperature  .•••••••• . Boom  Temp. 

Pressure  . . . . .  .atmospheric 

Amount  of  acid  used  .............  30  cc. 


Time 

wt.  ..fter 

Change 

Wt.  of  Sample  5.7267 

3  hr  3. 

5.7290 

0.0023 

acid  Cone... ...... 93%  • 

9 

5.7264 

-0.0003 

16 

5.7248 

-0.0019 

30 

5.7230 

-0.0037 

48 

5.7184 

-0.0083 

72 

5.7154 

-0.0113 

122 

5.7112 

-0.0155 

170 

5.7065 

-0.0202 

242 

5.7030 

-0.0237 

27  days 

5.6783 

-0.0484 

62 

5.6076 

-0.1191 

116 

5.4555 

-0.2712 

Wt.  of  Sample  5.4225  gm. 

3  hr  3. 

5.4238 

0.0013 

acid  Cone.... . 77%  . 

9 

5.4239 

0.0014 

18 

5.4238 

0.0013 

30 

5.4237 

0.0012 

48 

5.4237 

0.0012 

72 

5.4239 

0.0014 

122 

5.4239 

0.0014 

170 

5.4239 

0.0014 

242 

5.4239 

0.0014 

27  days 

5.4239 

0.0014 

62 

5.4227 

0.0002 

116 

5.4181 

-0.0044 

(Continued  on  next  page) 
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lliiZuZi  X  ( CosiX  *4s«  ) 


$t.  of  6.0967  g ;* 

..ci  Cone. .......  .68jS  • 


-t.  of  5.0007  rru 

..old  Gone...... ...^7  >  • 


Tiiaa 

t.  .-.f  ter 

Cb&n^se 

3  lira. 

6.0873 

0.0006 

9 

6.0873 

0.0GG6 

10 

6.0376 

0.0009 

30 

6.0873 

Q.0G06 

48 

6.0873 

0.0006 

72 

6.0875 

0.0000 

122 

6.0375 

0.0003 

170 

6.0875 

Q.G008 

242 

6.0882 

0.0015 

27  aG/a 

6.0886 

0.0019 

62 

6.0901 

0.0034 

116 

6.0377 

0.0010 

3  lira. 

5.3009 

0.0002 

9 

5.3014 

0.0007 

18 

5.8016 

0.0009 

30 

3.0020 

0.0015 

48 

5.8023 

0.-016 

72 

5.0032 

0.0025 

122 

5.8046 

0.0039 

170 

5.8054 

0.0047 

242 

5*80^5 

0.0048 

27  days 

£.8055 

0.0048 

62 

£.3056 

0.004$ 

116 

£.8051 

e.0044 
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TABLE  I  a. 


Lead,  in  Sulfuric  „-*cid 


Temperature  . . . .  bom  Temp. 

Pressure  . . Atmospheric. 

Amount  of  ^cid  used  . . .  30  cc. 


Wt.  of  Sample  5.3294  gm. 
Acid  Cone. .  • .  20/S  Fuming 


Wt.  of  Sample  5.2476  gm. 
Acid  Cone,  .o-  of  20$  Fuming 
t  of  93$ 


Time 

3  hr  s. 

9 

18 

30 

72 

122 

188 

242 

18  days 
21 
26 

3  hr  a . 

9 

18 

30 

72 

122 

188 

242 

18  days 

21 

26 


<t.  -“-fter 

5.1042 

4.8083 

4.4869 

4.1975 

3.6660 

3.2229 

2.5214 

2.2681 

1.3804 

1.1215 

0.7186 

4.9441 

4.7173 

4*5883 

4.3766 

3.9605 

3.6681 

3.4641 

3.4040 

3.2670 

3.2223 

3.1580 


Change 

-0.2252 

-0.5211 

-0.8425 

-1.1319 

-1.6634 

-2.1065 

-2.8080 

-3.0613 

-3.9490 

-4.2079 

-4.6108 

-0.3035 

-0.5303 

-0.6593 

-0.8710 

-1.2871 

-1.5795 

-1.7835 

-1.8436 

-1.9806 

-2.0253 

-2.0896 


(Continued  on  next  page.) 
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T^BLE  I  a.  (ContM.) 


Wt .  of  Sample  5.2704  gm. 
Acid  Cone . 91$  • 


Wt.  of  Sample  5.3379  gm. 
acid  Cone . 89$  • 


Wt.  of  Sample  5.1823  gm. 
acid  Cone . 87$  • 


Time 

Wt.  After 

Change 

3  hrs. 

5.2730 

0.0026 

9 

5.2738 

0.0034 

18 

5.2718 

0.0014 

30 

5.2704 

0.0000 

72 

5.2669 

-0.0035 

122 

5.2601 

-0.0103 

188 

5.2527 

-0.0177 

242 

5.2468 

-0.0236 

18  days 

5.2399 

-0.0305 

21 

5.2368 

-0.0336 

26 

5.2272 

-0.0432 

3  hrs. 

5.3413 

0.0034 

9 

5.3417 

0.0038 

18 

5.3411 

0.0032 

30 

5.3399 

0.0020 

72 

5.3387 

0.0008 

122 

5.3371 

-0.0008 

188 

5.3340 

-0.0039 

242 

5.3329 

-0.0050 

18  day 8 

5.3238 

-0.0141 

21 

5.3207 

-0.0172 

26 

5.3158 

-0.0221 

3  hrs. 

5.1858 

0.0035 

9 

5.1858 

0.0035 

18 

5.1857 

0.0034 

30 

5.1832 

0.0008 

72 

5.1826 

0.0003 

122 

5.1817 

-0.0006 

188 

5.1787 

-0.0036 

242 

5.1784 

-0.0039 

18  days 

5.1780 

-0.0043 

21 

5.1776 

-0.0047 

26 

5.1770 

-0.0053 
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PIGU3E  7 
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Observation  under  conditions  of  room  tempera ture 
and  atmospheric  pressure  continued  over  relatively  long  per¬ 
iods  of  time  -  the  longest  being  approximately  four  months. 

From  these  observations  (shown  graphically  for  the  first  four 
days  only),  it  was  evident  that  a  film  of  lead  sulfate  first 
forms  and  this  film  either  adheres  to  the  metal,  rendering  it 
passive  to  furtner  action  by  the  sulfuric  acid,  or  is  dissolved 
by  the  acid,  or  does  not  adhere  and  offers  little  protection 
to  the  metal.  The  results  obtained  suggest  that  concentrations 
below  77 %  render  the  etal  passive.  There  does  not  appear  to  be 
any  definite  concentration  dividing  the  region  of  corrosion 
fro:.,  the  region  of  no  corrosion  as  far  as  is  known  to  the  writer. 
It  seems  logical  to  assume  tha  t  factors  such  as  purity  of  the 
acid,  metal,  and  conditions  of  temperature  and  so  on,  would  make 
it  impossible  to  do  more  than  generalize  on  the  approximate  con¬ 
centration  where  passivity  would  oe  permanent.  It  will  be  noted 
from  Table  1,  that  for  a  one  hundred  and  sixteen  day  period  the 

lead  in  the  62,j  and  37$  concentr  tions  showed  slight  increase  in 

the 

weight,  while  in/77,;  the  cJ^ange  in  weight,  at  first  positive, 
crossed  the  "zero”  line  (original  weight)  after  a  period  of  two 
months  and  became  negative.  In  the  concentrations  above  77$  the 
rate  of  corrosion  increases  with  concentration.  The  rate  in  the 
high  concentrations  is  nearly  a  straight  line  function  depending 
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TABLB  II 


Lead  in  Sulfuric  .acid 


Temperature  •  • 

Pressure  ..... 

Acid  Concentrations 

93%  77% 

62% 

37% 

Weight  of  ac id 

in  gm. 

47.7348  47.9970  41.1209 

32.6979 

Time 

Wt.  ^fter 

Change 

Wt.  of  Sample 

5.63 22  gu. 

3  hrs. 

5.6340 

0.0018 

Acid  Cone..... 

9 

5.6310 

-0.0012 

18 

5.6299 

-0.0023 

30 

5.6240 

-0.0082 

Wt.  of  Sample 

5.5948  gm. 

3  hrs. 

5.5957 

0.0009 

Acid  Cone..... 

9 

5.5953 

0.0005 

18 

5.5948 

0.0000 

30 

5.5946 

-0.0002 

48 

5.5942 

-0.0006 

72 

5.5942 

-0.0006 

Wt.  of  Sample 

5.4089  gm. 

3  hrs. 

5.4093 

0.0004 

Acid  Cone . 

9 

5.4091 

0.0002 

15 

5.4091 

0.0002 

27 

5.4091 

0.0002 

Wt.  of  Sample 

5.6727  gm. 

6  hrs. 

5.6729 

0.0002 

Acid  Cone . 

18 

5.6728 

0.0001 

43 

5.6731 

0.0004 

45 

5.6731 

0.0004 
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o n  time  and  the  amount  of  acid  used  -  the  lead  would  be  com¬ 
pletely  converted  to  the  sulfate  in  time,  provided  the  acid 
did  not  fall  belov;  a  certain  concentration.  It  is  obvious 
that  if  the  quantity  of  metal  available  for  corrosion  yjq.s 
relatively  1  rge  in  comparison  to  the  acid  used,  dilution  would 
occur  as  the  reaction  proceeded  until  a  passive  state  was 
reached  due  to  the  change  in  concentration. 

It  is  interesting  to  note  the  relative  rate  of 
corrosion  in  20>  fuming  sulfuric  acid,  10/S  fuming  sulfuric 
acid,  and  93, >  sulfuric  acid.  Tables  1  and  1(a),  and  Figures 
7  and  17  show,  that  over  the  first  four  days  the  rate  of 
corrosion  in  the  20/j  fuming  sulfuric  acid  was  one  hundred  and 
forty-five  times  as  rapid  as  in  the  concentrated  acid  alone, 
the  rate  decreasing  to  ninety  times  that  in  the  93^  concentration 
at  the  end  of  twenty-six  days.  In  the  10,2  fuming  sulfuric  acid, 
the  rate  was  one  hundred  anu  ten  times  as  fast  over  the  first 
four  days,  in  comparison  to  the  93/?  sulfuric  acid  rate,  dimish- 
ing  to  forty  times  at  the  end  of  twenty-six  days.  Tnis  observed 
change  in  rate  may  be  accounted  for  by  the  dilution  of  the  acid 
which  would  taXe  place  with  corrosion,  by  the  decreased  area  of 
metal  surface,  and  by  the  fact  that  the  lead  sulfate  which  pre¬ 
cipitated  out  gathered  around  the  metal  at  the  bottom  of  the 
reaction  vessel,  a  more  satisfactory  method  would  have  been  to 
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tabls  hi 


Lead  in  Sulfuric  acid 


Temperature  . • . . 

Pressure  . 

Acid  Concentrations  93%  77% 

62% 

37% 

Weight  of  Acid  in  ^n.  47 

.4364  45.7817  41.1209 

32.6979 

Time 

Wt.  -Jfter 

Change 

Wt.  of  Sample  5,7561  gm. 

3  hrs. 

5.7551 

-O.GOiO 

acid  Cone . 93%  • 

9 

5.7547 

-0.0014 

18 

5.7499 

-0.0062 

30 

5.7470 

-0.0091 

54 

5.7426 

-0.0135 

78 

5.7386 

-0.0175 

92.5 

5.7348 

-0.0213 

Wt.  of  Sa.  pie  5,6374  gpu 

3  hrs. 

5.6408 

0.0034 

acid  Cone . 77%  , 

9 

5.6406 

0.0032 

18 

5.6403 

0.0029 

27 

5.6397 

0.0023 

51 

5.6397 

0.0023 

Wt.  of  Sample  5,5812  gm. 

3  hrs. 

5.5813 

0.0001 

acid  Cone . 62%  • 

9 

5.5814 

0.0002 

22 

5.5814 

0.0002 

Wt.  of  Sample  5,5336  gru. 

3  hrs. 

5.5336 

0.0000 

acid  Cone . 37%  . 

9 

5.5337 

0.0001 

21 

5.5338 

0.0002 

45 

5.5340 

0.0004 

69 

5.5345 

0.0009 

93 

5.5347 

0.0011 
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FIGURE  9 


suspend  the  j  etal  in  the  acid  in  manner  similar  to  that  used 
in  the  pressure  experiments. 

a  noticeable  fact  was  the  slow  reaction  in  the  37% 
concentration,  There  is  a  gradual  increase  in  weight  in  nearly 
every  case  observed  whether  under  atmospheric  or  much  higher 
pressure.  The  data  of  Tables,  1,  11,  111,  IV,  and  V,  and 
Figures  7,  8,  9,  10  and  11,  show  this  clearly.  Two  factors 
in  corrosion  may  enter  at  this  and  similar  concentrations. 

They  are,  first  -  ionization  of  the  acid;  and,  second  -  the 
low  solubility  of  lead  sulfate  in  the  dilute  3ulfuric  acid.  It 
appears  that  i,  such  sol  tions,  the  lead  sulfate  is  only  slowly 
formed  because  of  the  impervious  nature  of  the  initial  layer. 
Dilution  of  the  acid  results  in  a  greater  degree  of  ionization, 
iissuming  that  the  sulfuric  acid  is  the  solvent,  the  increasing 
degree  of  ionization  reduces  the  available  sulfuric  acid  and 
consequently  the  solubility  of  tlie  lead  sulfate. 

Co1  (paring  t  e  res  Its  at  two  different  temperatures, 
namely  25°C.  and  40°C.,  under  atmospheric  conditions  as  shown 
in  Tables  1,  1(a)  and  V,  a  id  Figures  7  and  11,  it  was  surprising 
to  find  that  the  rate  of  corrosion  in  the  93%  3ulfuric  acid  was 
doubled  by  a  fifteen  degree  rise,  while  the  rate  of  corrosion 
in  the  77%,  62%  and  37%  acids  was  pr;  ctically  unaffected.  It 
may  be  suggested  that  the  solubility  of  lead  sulfate  in  93% 
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T.J3LE  IV 


Lead,  in  Sulfuric  acid 


Tempature  . 

40°C. 

Pressure  . . . . . 

Atmospheric. 

amount  of  acid  used  ...... 

30  cc. 

Tiroe 

Wt.  ^fter 

Change 

Wt.  of  Sample  5.7291  gm. 

3 

hrs. 

5.7301 

0.0010 

Acid  Cone. ...... ..93%  • 

9 

5.7244 

-0.0047 

21 

5.7209 

-0.0082 

45 

5.7120 

-0.0171 

79 

5.7053 

-0.0238 

6 

days 

5.7000 

-0. 0291 

15 

5.6761 

-0.0530 

wt.  of  Sample  5.5165  gm. 

3 

hrs. 

5.5185 

0.0020 

Acid  Cone#  *#•••••  •??/«>  • 

9 

5.5179 

0.0014 

27 

5.5177 

0.0012 

51 

5.5177 

0.0012 

75 

5.5175 

0.0010 

99 

5.5176 

0.0011 

11 

day  8 

5.5170 

0.0005 

Wt.  of  Sample  5.6856  gm. 

3 

5 

CO 

• 

5.6856 

0.0000 

Acid  Cone... . 62%  • 

9 

5.6857 

0.0001 

21 

5.6860 

0.0004 

45 

5.6859 

0.0003 

99 

5.6860 

0.0004 

6 

a 

5.6860 

0.0004 

Wt.  of  Sample  5.6562  gm. 

3 

5.6562 

0.0000 

-xid  Cone . 37%  • 

21 

5.6579 

0.0017 

69 

5.6593 

0.0031 
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acid.  increases  rapidly  with  increased  temperature*  or  the 
porosity  of  the  deposit  increases  with  temperature  permitting 
more  rapid  attack  of  the  et  ilic  lead.  On  the  other  hand, 
the  solubility  of  lead  sulfate  in  dilute  acid  is  not  greatly 
affected  by  temperature,  or  more  likely,  the  porosity  of  the 
deposit  is  unaffected  by  a  rise  in  temperature.  The  general 
conclusion  is  that  the  passivity  of  lead  in  lower  concentrations 
of  acid,  due  to  a  coating  of  lead  sulfate  is  nearly  independent 
of  changing  temperature. 

The  effects  of  high  pressure  may  be  seen  in  the  data 
of  Tables  11  and  111  (25°C. )  and  Table  V  (40VC. )  and  more 
readily  in  Figures  8,  9  and  11.  In  93$  sulfuric  acid  at  1,000 
pounds  pressure  per  sq.  inch,  (Table  11,  Figure  8),  the  rate 
over  the  first  thirty  hours  is  double  that  found  with  the  same 
acid  under  atmospheric  pressure  ( Figure  17).  In  t.e  other 
tnree  concontru tions  there  appears  to  o  a  greater  solubility 
of  the  sulfate  at  the  higher  pressure,  since  the  otals  in  both 
the  77$  an>.  62$  concentrations  go  below  their  original  weight, 
while  the  iaorease  in  weight  in  the  37$  acid  is  very  much  less. 
In  37$  acid  at  the  forty-five  hour  iark,  the  increase  in  weight 
at  a  pressure  of  1,000  pounds  per  sq.  inch  is  only  one  quarter 
of  that  found  under  atmospheric  conditions. 

When  tho  ireosure  was  raised  to  3,500  pounds  per  sq. 


. 
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TiJBLS  V 


Lead  in  Lui.fu.ric  Acid 


Temp  rature  •••••••••••• 

..  40  degrees  C. 

pressure  . . 

pounds. 

ac id  Concentrations 

93$ 

77% 

62$ 

37$ 

Weight  of  ^cid  in  gm. 

47.4999 

46.0468  48.4339 

32.3561 

Time 

t.  --fter 

Change 

tit,  of  Sample  5.4428  gm. 

3 

hrs. 

5.4433 

0.0005 

Acid  Cone. . 93$  • 

9 

5.4403 

-0.0025 

21 

5.4345 

-0.0083 

45 

5.4283 

-0.0145 

79 

5.4194 

-0.0234 

Wt.  of  Sample  5.6984  gm. 

3 

hr  s. 

5.7010 

0.0026 

Acid  Cone.... . 77/o  • 

9 

5.7011 

0.0027 

27 

5.7005 

0.0021 

51 

5.7008 

0.0024 

75 

5.7007 

0.0023 

99 

5.7006 

0.0022 

Wt.  of  Sample  5.7416  gm. 

3 

hrs. 

5.7420 

0.0004 

Acid  Cone . .62$  . 

9 

5.7426 

0.0010 

21 

5.7430 

0.0014 

45 

5.7428 

0.0012 

99 

5.7428 

0.0012 

tit,  of  Scuaple  5.5347  gm. 

3 

hrs. 

5.5347 

0.0000 

Acid  Cone . 37)*  . 

21 

5.5348 

0.0001 

69 

5.5352 

0.0005 

-33 


FIGURE  11 


-34- 


inch  as  shown  in  babies  111  and  7,  and  Pi  ores  9  and  11,  the 
rate  of  corrosion  in  ihe  95,  ^cid  shows  only  a  slight  increase 
as  compared  to  te  at  pounds  pressure  ( b.u'- re  17), 

at  tiie  end  of  thirty  hours,  anc  ends  up  with  an  approximate 
increase  of  50/J  over  the  atmospheric  pressure  rate  at  the  end 
of  four  days  (Figure  17),  From  Figures  7,  8,  9  and  11,  it 
will  also  be  noticed  that  in  the  77;  >  acid  the  increase  in  the 
weight  of  metal  indicates  that  t  ie  amount  of  sulfate  adhering 
to  the  metal  is  nearly  three  times  that  found  under  atmospheric 
conditions.  The  62, j  and  67,1  concentrations  behave  in  a  manner 
almost  identical  tj  in.  t  unuer  c.Lmospheric  litions. 

Suuuarizing,  it  may  ue  said  that  the  rate  of  corrosion 
in  95/i  sulfuric  acid  increases  mrkealy  with  increasing  temper¬ 
ature  at  atmospheric  pressure,  at  high  pressures  the  effect  of 
temperature  appears  to  be  negligiblo.  No  explanation  can  be 
offered  lor  this  contrasting  oeiiaviour,  but  it  may  be  suggested 
that  tho  structure  of  the  lead  sulfate  alters  unaer  high 
pressures  in  such  a  way  us  to  eliminate  any  temperature  effect. 
In  the  dilute  solutions,  toe  slight,  or  negligible  effect  of 
temporuturo  under  all  conditions  of  pressure  suggests  that  the 
nature  of  me  load  sulfato  film  is  independent  of  ressure. 

several  points  of  int  rest  were  noted  with  respect 
to  the  oases  of  more  rapid  and  extensive  corrosion,  as  with 
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fuming  3ulfuric  acid. 

Llacroscopic  and  microscopic  examination  showed  that 
corrosion  was  intercrystalline  and  along  slip  planes  of  in¬ 
dividual  crystals, as  might  be  expected. 

Further  interesting  observations  were  made  on  the 
color  change  in  finning  sulfuric  acid  solutions  after  different 
periods  of  reaction  wit  t^e  tetal.  In  the  Z0%  fuming  sulfuric 
acid  an  ultramarine  blue  color  a  peared  in  the  solution,  ad¬ 
jacent  to  the  metal,  in  approxiraat ely  fifteen  minutes,  while  in 
the  10/6  fuming  sulfuric  acid  yellow-greens  and  green-blues 
appeared  with  the  blue  color  fartnest  away  from  the  metal  and 
the  yellow  immediately  msxt  to  the  metal.  After  several  weeks 
the  ultramarine  blue  solution  gradually  changed  and  assumed  a 
chocolate-brown  appearance. 

To  arrive  at  the  cause  of  the  formation  of  the  color, 
observations  were  carried  out  using  a  number  of  lead  salts, 
arsenic  salts,  arsenic  metal,  zinc,  copper,  antimony,  tellurium, 
selenium,  and  lead  shot  containing  arsenic.  Similar  color 
changes  appeared  with  arsenic  metal,  which  on  long  standing 
changed  over  to  the  same  chocolate  -brown  as  observed  with  lead, 
ivntimony  produced  a  brown;  most  of  the  salts  a  brown;  zinc  showed 
only  a  minute  amount  of  blue  next  to  the  metal;  copper  a  slightly 
different  sh  de  of  blue;  while  tellurium  and  selenium  produced 
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their  well  known  colors  of  red  and  green.  This  suggested 
that  impurities  such  us  arsenic  in  particular,  might  be  a 
source  of  the  color  changes,  but  tne  slow  rate  of  color  fon&= 
ation  with  these  substances  suggested  the  possibility  of  another 
cause  -  such  as  a  product  of  the  reaction  between  lead  and  acid. 
The  only  possibility  was  sulfur,  a  product  of  the  red  ction  of 
the  acid  by  metal.  On  aking  analagous  tests  with  sulfur  the 
colors  appeared  like  those  already  observed,  but  the  rate  of 
color  formation  was  much  faster.  Since  sulfur  was  also  formed 
with  the  other  metals  it  is  suggested  that  sulfur  was  the  source 
of  the  colors  in  both  cases.  The  phenomena  of  color  changes 
observed  here  h  ve  been  observed  elsewhere  in  work  on  the  liber¬ 
ation  of  sulfur  in  the  same  and  different  solutions  according 
to  Mellor  (11  ). 

Further  examination  of  the  colors  produced  vvitn  metals 
in  the  fuming  sulfuric  acids,  and  with  sulfur  in  similar  solutions 
showed  that  the  greens  wore  produced  either  on  dilution  of  the 
fuming  sulfuric  acid  or  after  long  standing  which  resulted  in 
the  deposition  of  increased  amounts  of  sulfur.  In  solutions 
approaching  the  100^  sulfuric  acid  the  sulfur  tends  to  produce 
a  yellow  coloration  instead  of  greens  and  blues,  ^fter  long 
periods  the  fuming  acid  solution  (reacting  with  the  metal) 
produced  chocolate-browns.  This  was  especially  noticeable 
near  the  surface  of  the  solution  where  water  from  the  air 
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could  be  absorbed,  a  similar  condition  was  obtained  by 
drop  ing  a  piece  of  sulfur  into  the  20%  fuming  sulfuric  acid. 

The  solution  immediately  next  to  the  sulfur  became  blue,  later 
changing  over  to  brown.  This  was  also  the  case  with  a  bit  of 
porous  non-crystallized  3ulfur  floating  at  the  surface  of  the 
fuming  sulfuric  acid  solution.  In  the  10%  fuming  acid  a  yellow 
cloud-like  formation  ap  eared  next  to  the  etal,  which  merged 
slowly  into  greens  and  the  greens  merged  into  blues  -  suggest¬ 
ing  dispersion  of  the  sulfur  molecules  through  the  liquid. 

A a  a  result  of  these  observations  the  following  con¬ 
clusion  has  been  re  c  .ed:  the  metal  reduces  the  fuming  sulfuric 
acid  and  free  colloidal  sulfur  is  formed.  Initially,  when  finely 
dispersed,  these  solutions  are  blue.  ith  changing  degree  of 
dispersion,  presumably  by  growth  in  3ize  of  the  sulfur  particles, 
the  color  changes  through  the  sequence  of  colors  to  brown.  It 
is  probable  that  pyrosulfuric  acid  is  the  compound  reduced  ana 
that  the  colloidal  sulfur  consists  largely  of  thionic  acids  or 
similar  complex  bodios.  uden's  sulfur  sol  has  been  shown  by 
Freundlich  and  bcholz  (4  )  to  be  a  combin  tion  of  sulfur  and 
pentathionic  acid,  aad  is  formed  by  the  reduction  of 

sulfur  compounds. 

Observations  seem  to  favor  the  colloidal  interpretation, 
since  on  pouring  some  of  tho  blue  solution  into  distilled  water. 


an  opalescent  solution  resulted  which  cleared  on  adding  sodium 
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chloriae;  similarily  on  adding  sodium  chloride  to  the  colored 
fuming  sulfuric  acid,  it  oe-c  ;©d  completely,  passing  through 

various  shades  of  brown  to  light  amber.  This  behaviour  is 
typical  of  tne  behaviour  of  colloidal  sulfur  solutions. 

buxuaary  and  Conclusions 

High  pressures  at  25°C.  show  a  definite  increase  in 
the  rate  of  corrosion  of  lead  in  sulfuric  acid,  with  the  93^ 
concentration  showing  the  effect  to  the  greatest  extent. 

Increasing  pressure  has  little  or  no  effect  on  the 
rate  of  corrosion  of  lead  in  the  93, j  sulfuric  acid  at  40°C. , 
but  does  show  some  differences  in  the  lower  concentrations  and 
at  25°C. 

The  accepted  belief  that  solubility  of  load  sulfate 
increases  wit  .  increased  acid  concentration  i3  consistent  with 

the  results  observed. 

Seduction  to  fr  e  sulfur  occurs  at  least  in  the  93^ 
concentration  and  upwards,  and  colloidal  solutions  of  sulfur 
are  formed  in  the  fuming  acids  giving  rise  to  various  colored 
solutions.  (For  s\ilfur  analysis  of  the  precipitates  formed 
see  General  Discussion  at  the  end  of  xart  111.  } 


PART  11 


The  action  of  Sulfur  Dioxide  and 
Hydrogen  Sulfide  on  Lead  Icinersed 
in  Sulfuric  acid. 


PLATE  3 


Showing  part  of  the  analytical  lab*; 

From  left  to  ri  -ht  -  Kipp  generator  for 
SQg,  and  reaction  vesjels;  modified 
Referee*s  apparatus  for  sulfur  analysis; 
the  reaction  vessels  for  hydrogen  sulfide 
and  natural  gas  deter  mi  nations  under 


atmospheric  pressure 
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PAED  il 

Introducti on 

Before  proceeding  to  examine  the  action  oceuring 
with  sulfuric  &eid  gas  scrubbers,  it  was  considered  of  in- 
terest  to  cariy  out  observations  on  actions  resulting  when 
sulfur  dioxide  and  hydrogen  sulfide  were  passed  through  sul¬ 
furic  acid  containing  a  lead  sample.  Lack  of  time  and  equip¬ 
ment  did  not  permit  this  work  to  be  carried  out  under  pressure, 
but  it  was  considered  that  a  certain  amount  of  definite  inform¬ 
ation  could  be  obtained  by  observing  the  rate  of  corrosion 
under  atmospheric  pressure.  The  sulfur  compounds  in  odorised 
Viking  gas  include  mercaptans  v,  dch  have  some  properties  in 
common  with  hydrogen  sulfide.  This,  together  with  presence  of 
sulfur  dioxide  in  the  off-gases  from  the  scrubbers,  make  this 
part  of  the  investigation  of  interest. 

It  was  expected,  and  found,  that  the  corrosion  of  lead 
under  the  above  conditions  when  compared  with  the  findings  of 
Part  1,  would  permit  of  some  conclusions  as  to  the  origin  of 
the  corrosion  in  the  scrubbers. 

Although  it  has  not  been  taken  into  account,  it  should 
be  pointed  out  that  the  agitation  of  the  solutions  by  the  pass¬ 
age  of  the  gases  might  have  had  an  accelerating  influence  on 
the  rate  of  corrosion,  as  compared  to  the  results  obtained  in 


fart  1 
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Literature  Review 

The  literature  on  this  phase  of  corrosion  is  not  very 
extensive*  There  is  sufficient  to  indicate  that  the  rate  of 
corrosion  of  lead  in  mixed  sulfuric  acid  and  suifurous  acid 
solutions  is  greater  than  in  sulfuric  acid  solutions  alone* 

This  suggests  that  lead  sulfite  is  either  more  soluble  than 
lead  sulfate  or  is  less  adherent  to  the  etal.  Another  explan¬ 
ation  is  offered  later,  on  the  data  of  this  work.  Ho  data  is 
available  in  the  liter,  ture  on  either  point.  It  is  probable 
that  sulfur  dioxide  will  react  with  water  even  in  the  presence 
of  sulfuric  acid  to  give  suifurous  acid  as  follows* 

S02  +'  HgO  ”  H2b03  ( 1 ) 

Should  the  suifurous  acid  attack  the  lead,  it  is  almost  certain 
that  the  resulting  lead  sulfite  will  be  decomposed  by  sulfuric 
acid  regenerating  suifurous  acid  and  depositing  lead  sulfates 

H2S03  +  Tb  *  PbSOg*  H2  (2) 

h2S04  +PbS03  a  ?bS04+  H2S03  (3) 

As  an  alternative  re  ction,  suggested  chiefly  to  account  for 
the  formation  of  free  sulfur,  the  oxidation  of  suifurous  acid 
by  sulfur  dioxide  is  offered: 

EHgSOg  4  S02  =  2H2S04  tS  (4) 

2Pb303  +  b02  =  2PbS04  *  S  (5) 

No  evidence  exists,  to  the  author’s  knowledge,  confirming 
these  reactions.  It  is  well  known*  however,  that  suifurous 


-42- 


acid  solutions  are  uns table  and  may  change  slowly  to  sulfuric 
acid  with  a  deposition  of  sulfur®  Ostwald  {13  )  states  that 
heating  the  solution  results  in  deposition  of  sulfur  with  form¬ 
ation  of  sulfuric  acid.  Exposure  to  light  gives  the  same  result. 
It  is  suggested  that  the  reaction  (4)  above  offers  a  reasonable 
explanation.  The  sulfurous  acid  may  be  considered  as  a  reducing 
agent  and  sulfur  dioxide  as  an  oxidizing  agent. 

In  the  case  of  the  reaction  with  hydrogen  sulfide,  the 
primary  re  ction  may  be  taken  as  follows,  with  little  doubts 

H2S'-/-H2S04  =  S  +H2G+-  SOg  (6) 

In  the  presence  of  sulfur  dioxi  .e,  hydrogen  sulfide  undergoes 
the  following  reactions 

ZllgS  ^S02  =  SHoO  ^3S  (7) 

Finally,  sulfur  dioxide  reacting  with  water  yields  sulfurous 
acid  as  in  equation  (1)  above.  Corrosion  wo\ild  then  proceed 
according  to  the  same  mechanism  assumed  for  solutions  of  sul¬ 
fur  dioxide  in  sulfuric  acid.  The  com  ietoness  of  reactions 
as  shown  in  equations  (6)  and  (7)  above,  eliminates  any 
corrosive  action  due  to  hydrogen  sulfide  itself  by  its  prompt 
decomposition  to  sulfur  and  sulfur  dioxide. 


FIGURE  3 


A  ••••  60  cc.  pyrex  teat  tube 


B 


Metal  in  position 


•  •  •  • 
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FIGURE  3 


-44— 


experimental 


Materials 

The  ietai  and  sulfuric  acid  solutions  were  prepared 
in  the  manner  already  described  in  Tart  1. 

The  sulfur  dioxide  was  generated  by  the  action  of  a 
very  weak  solution  of  sulfuric  acid  on  G,  T.  sodium  sulfite. 

The  hydrogen  sulfide  was  prepared  by  the  usual  lab¬ 
oratory  method  -  com  ercial  hydrochloric  acid  on  sticks  of  iron 
pyrites. 

.apparatus 

The  reaction  vessel  wa3  essentially  as  shown  in 
Figure  3.  It  consisted  of  a  60  cc.  pyrex  test  tube  fitted  with 
a  rubber  stopper  carrying  two  glass  tubes,  one  of  which,  for 
the  introd  ction  of  the  gas,  dipped  well  below  the  surface  of 

the  acid. 

Kipp  gas  generators  were  used  for  the  production  of 
sulfur  dioxide  and  hydrogen  sulfide. 

The  gases  were  dried  by  passage  over  anhy  rous  calcium 
chloride  before  passage  through  the  acid  solutions. 
analytical  Procedure 

(1)  bulfur  Dioxide  dxperlmentsi  The  kipp  generator 
was  connected  to  a  U-tube  containing  calcium  chloride,  which 


in  turn  was  connected  to  a  series  of  five  reaction  vessels.  The 


. 


. 
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srulfur  dioxide  passed  through  the  series  of  solutions  in 
the  following  order*  Through  the  93$,  then  through  the  77%, 

62%,  '67%,  and  finally  distilled  water,  in  .he  order  named. 
Connecting  the  vessels  in  series  was  considered  satisfactory 
since  the  pressure  generated  was  sufficient  to  bubble  the  gas 
slowly  through  the  entire  series  of  solutions  and  keep  them 
saturated,  An  absorption  tower  filled  with  soda-lime  at  the 
end  of  the  train  took  care  of  the  excess  sulfur  dioxide* 

(2)  Hydrogen  Julfide  Apparatus;  In  this  series  two 
different  sots  of  connections  were  used.  The  first  set  was 
carried  out  using  connections  in  series,  as  for  the  sulfur 
dioxide  experiment.  This  was  not  found  satisfactory  since 
the  hydrogen  sulfide  was  ail  decomposed  in  the  first  or  93$ 
acid  solution,  unless  suction  was  used  to  draw  the  gas  through 
very  rapidly.  The  more  satisfactory  method  was  to  connect  the 
five  reaction  vessels  in  parallel.  This  was  accomplished  by 
passing  the  hydrogen  sulfide  through  a  manifold  chamber  to  which 
was  fitted  a  five-hoxe  stopper  carrying  five  short  glass  tubes. 
Rubber  tubes  led  fra  this  distributing  system  to  each  of  the 
reaction  vessels.  Sacn  rubber  tube  was  fitted  with  a  screw  clamp 
by  means  of  which  the  gas  flow  to  each  reaction  vessel  could  be 
reguluted,  or  shut  off  when  the  s  J.jjle  was  removed  for  weighing. 

eighings  were  carried  out  after  suitable  periods  of 


* 


• 
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time.  These  periods  were  chosen  with  two  purposes  in  minds 
(1)  To  give  periods  comparative  to  those  in  hart  1|  (2)  To 
give  some  comparative  periods  of  time  regarding  the  particular 

metal  and  solution  itself. 

Results  and  Discussion 

Discussion  on  the  hffect  of  Sulfur  Dioxide 

From  observations  presented  in  Fart  1,  it  was  con¬ 
cluded  that  tiie  rate  of  corrosion  do  .ended  largely  on  the  con¬ 
centration  of  tne  sulfuric  acid,  ^part  from  an/  action  of 
8ulfurous  acid  itself,  it  night  be  expected  that  the  saturation 
of  tne  solution  with  sulfur  dioxide  would  increase  the  rate  of 
corrosion  uue  to  a  virtual  increase  in  sulfuric  acid  concentration 
brought  about  by  t  o  removal  of  water  as  sulfurous  .cid.  The  re¬ 
action  (4),  if  admitted,  would  also  result  in  an  increase  in 
sulfuric  acid  concentration.  hile  reaction  (3)  results  in  the 
loss  of  sulfuric  acid,  it  does  not  involve  water  and  would  not 
alter  the  water  content.  However,  should  reaction  (3)  predominate, 
corrosion  ..  ould  have  to  be  assign  d  to  sulfurous  acid. 

From  the  observations  based  on  reactions  for  a  period 
of  eighty-four  days,  tne  rate  of  corrosion  in  the  93 %  sulfuric 
acid  which  was  saturated  with  sulfur  dioxide  was  nearly  thirteen 
times  as  rapid  as  in  the  93,'o  acid  alone.  These  data  are  shown 
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in  Tables  I  and  VI,  and  graphically  in  Figures  7,  IE  and  17.  This 
would  indicate  at  first  sight,  that  sulfur  dioxide  or  sulfurous 
acid  is  definitely  a  corrosive  agent.  However,  in  Part  I,  it 
was  shown  that  the  oorrosive  action  of  sulfuric  acid  increases 
rapidly  with  concentration  above  90$.  As  shown  in  Figure  7, 
and  Tables  1  and  1  (a),  the  rate  of  corrosion  increases  by  a 
factor  of  three  for  the  2%  increase  in  concentration  between 
91$  and  93$.  The  removal  of  water  by  reaction  (1)  from  93$ 
acid  to  the  extent  of  7 $  could  easily  account  for  the  factor  of 
13,  as  shown  in  Tables  1  and  VI,  and  Figure  12,  for  the  first 
four  days. 

In  the  77$  concentration  (Table  VI,  Figure  IE),  it  may 
be  observed  that  an  increase  in  weight  takes  place  for  about 
the  first  three  days.  Sometime  after  this,  rapid  corrosion 
commenced,  si  liar  J  itude  to  that  in  the  93$  acid 

alone,  and  lusted  until  the  tenth  day.  At  this  time  the 
corrosion  almost  ceased  or  boo&joe  passive  for  a  considerable 
time.  However,  between  the  twenty-seventh  and  sixty-second  days 
slight  oorrosion  occurred,  brat  increased  rapidly  between  the  sixty- 
second  and  the  final  reading  on  the  eighty-fourth  day.  The  rate 
between  the  readings  on  the  sixty-second  and  eighty -fourth  days 
was  five  times  that  in  93$  sulfuric  acid  alone.  However,  it  is 
certain  that  the  rate  was  much  groat*  r,  probably  increasing  re¬ 
gularly  from  a  small  value  at  the  sixty-second  day  to  a  large 
value  (much  more  than  five  times  as  great)  as  that  found  with  the 


. 


Lead  in  Sulfuric  ±,cid  Sat.  with  Sulfur  Dioxide 


Temperature  ....................  oom  Temp. 

Pressure  . . Atmospheric. 


Time 

wt.  After 

Ghauge 

Wt.  of  Sample  5.6915  gm. 

3  his. 

5.6909 

—0. 0006 

Acid  Cone . .93%  • 

9 

5.6914 

-0.0001 

27 

5.6492 

-0.0423 

51 

5.6012 

-0.0903 

75 

5.5521 

-0.1394 

7  days 

5.4063 

-0.2852 

10 

5.3113 

-0.3802 

14 

5.2098 

-0.4817 

27 

4.8545 

-0.8370 

62 

4.1337 

-1.5578 

84 

3.4578 

-2.2337 

Wt.  of  Sample  5.4837  gm. 

3  hrs. 

5.4836 

-0.0001 

Acid  Cone . ..77%  . 

9 

5.4837 

0.0000 

27 

5.4839 

0.0002 

51 

5.4839 

0.0002 

75 

5.4843 

0.0006 

7  days 

5.4662 

-0.0175 

10 

5.4577 

—0.0260 

14 

5.4576 

-0.0261 

27 

5.4558 

-0.0279 

62 

5.4507 

-0.0330 

84 

5.1272 

-0.3565 

(Continued  on  next  page.) 
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TABLE  V:  (Confd.) 


Time 

Wt.  After 

Change 

Wt.  of  Sample  5.4229  gra. 

3  hrs. 

5.4228 

-0.0001 

Acid  Cone  62#  • 

9 

5.4229 

0.0000 

27 

5.4229 

0.0000 

51 

5.4229 

0,0000 

75 

5.4229 

0.0000 

7  days 

5.4260 

0.0031 

10 

5.4279 

0.0050 

14 

5.4286 

0.0057 

27 

5.4286 

0.0057 

62 

5.4223 

-0.0006 

84 

5.4200 

-0.0029 

It.  of  Sample  5.6508  gm. 

3  hrs. 

5.6511 

0.0003 

Acid  Cone . 37#  • 

9 

5.6511 

0.0003 

27 

5.6515 

0.0007 

51 

5.6522 

0.0014 

75 

5.6528 

0.0020 

7  days 

5.6534 

0.0026 

10 

5.6540 

0.0032 

14 

5.6546 

0.0038 

27 

5.6562 

0.0054 

62 

5.6483 

-0.0025 

84 

5.6448 

-0.0060 

Wt.  of  Sample  5.6247  gni. 

3  hrs. 

5.8250 

0.0003 

Water  &  Sulfur  Dioxide 

9 

5.8251 

0.0004 

27 

5.8249 

0.0002 

51 

5.8249 

0.0002 

75 

5.8249 

0.0002 

7  days 

5.8251 

0.0004 

10 

5.8251 

0.0004 

14 

5.8253 

0.0006 

27 

5.8257 

0.0010 

62 

5.8287 

0.0040 

84 

5.8344 

0.0097 
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92, t>  acid,  at  the  eighty-fourth  day. 

Little  can  be  said  as  to  the  cause  of  such  phenomena. 

If  one  is  permitted  to  speculate,  there  are  three  and  possibly 
four  distinct  parts  to  the  curve.  The  first  part,  covering 
three  days,  may  be  considered  due  to  the  formation  of  lead  sul¬ 
fate  on  the  metal  surface,  while  sulfur  dioxide  is  saturating 
the  solution  and  removing  water  as  sulfurous  acid,  ^fter  three 
days  time,  the  water  content  is  so  low  that  corrosion  can  occur® 
The  reaction  continues  with  the  formation  of  the  lead  sulfate  and 
and  lead  sulfite  until  the  solution  is  saturated  at  about  the 
tenth  day.  Thereafter  one  can  assume  the  slow  conversion  of 
sulfurous  acid  by  reaction  (4)  to  sulfuric  acid.  As  the  sulfuric 
acid  concentration  increases,  the  rate  of  corrosion  increases 
due  to  increased  solubility  of  the  lead  sulfate.  This  steadily 
increasing  rate  will  go  on  to  a  maximum  between  the  sixty-second 
and  eighty -fourth  day  when  the  liquid  i3  pure  sulfuric  acid  con¬ 
taining  sulfur  dioxide  but  no  sulfurous  acid  in  solution. 

The  corrosion  of  lead  in  pure  water  containing  sulfur 
dioxide  and  sulfurous  acid,  as  shown  in  Table  71  and  Figure  12, 
was  slight.  This  indicates  tiiat  sulfurous  acid  is  not  a  satis¬ 
factory  solvent  for  lead  sulfite,  possibly  lead  sulfate  also, 
should  oxidation  lave  occured.  Lead  sulfite,  according  to  data 
reviewed  by  Mellor  ( 12)  is  not  soluble  in  water  but  is  soluble 
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TABLE  111 


Lead  in  Sulfuric  acio.  with  %drogen  Sulfide  0&s. 


Temperature  Hoorn  Temp. 

Pressure  . . Atmospheric, 

Amount  of  acid  used  30  cc. 


The  Hydrogen  Sulfide  was  passed  through  the  five  solutions  with 
tiie  test  tubes  connected  in  parallel  -  equalized  volume  control 
was  made  possible  by  the  use  of  screw  clamps. 


Wt.  of  Sample  5.3241  gm. 
acid  Cone . ••••  93$  • 


wt.  of  Sample  5.5599  gm. 
Acid  Cone.... . 77%  • 


Wt.  of  Sample  5.3116  gm. 
acid  Cone......... 62$  • 


Time 

9  hrs. 
18 
27 
51 
75 

7  days 

9  hrs. 
18 
27 
51 
75 

7  days 

9  hrs. 
18 
27 
51 
75 

7  days 


Wt.  -^-fter 

5.3169 

5.3212 

5.2714 

5.2589 

5.2507 

5.2321 

5.3692 

5.3611 

5.3593 

5.3535 

5.3589 

5.3549 

5.3115 

5.3116 

5.3115 

5.3116 
5.3125 
5.3154 


Change 

... imm 

—0.0072 

-0.0029 

-0.0527 

—0.0652 

-0.0734 

-0.0920 

0.0093 

0.0012 

-0.0006 

-0.0004 

-0.0010 

-0.0050 

-0.0001 

0.0000 

-0.0001 

0.0000 

0.0009 

0.0038 


(Continued  on  next  page.) 
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Time 

Wt.  -fter 

Chang© 

Wt,  of  Sample  5,3391  g?a. 

9  hr  s. 

5.3392 

0.0001 

Acid  Conc.,....,.,3?;S  • 

18 

5.3393 

0.0002 

27 

5.3394 

0.0003 

51 

5.3396 

0.0005 

75 

5.3401 

0.0010 

,  .  ...  4 

7  days 

5.3416 

0.0025 

'wt,  of  Sample  5,3389  gm. 

9  hr  3. 

5.3834 

-0.0005 

Water 

13 

5,3884 

—0.0005 

27 

5,5384 

-0,0005 

51 

5.3882 

-0.0007 

75 

5.3882 

-0.0007 

7  days 

5.3882 

-0.0007 

Wt,  Of  Sample  5,3591  gm. 

9  hrs. 

5.3590 

—0 . 0001 

In  dry  HgS 

16 

5.3590 

—0.0001 

27 

5.2587 

— C.G0Q4 

51 

5. 3584 

-0.0007 

75 

5.3584 

-0.0007 

7  days 

5, 5535 

-0.0008 
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FIGURE  13 
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TABLE  YII I 


Lead  in  Sulfuric  ,cid  v/lth  Ifodrogen  Sulfide  Gas. 


Temperature  . . . . . . . . .  Boom  Temp. 

Pressure . atmospheric. 

;*mount  of  ^cid  used  ...........  50  cc. 


The  H  ji>  was  passed  through  the  five  solutions  with  the  test  tubes 
connected  in  series,  passing  through  the  93%,  77%,  62%,  37,o  acid 
solutions  .and  water,  in  the  oruer  named. 


Time 

Wt.  -*fter 

Chang© 

Wt.  of  Sample 

5.7705  gm. 

9  hrs. 

5.7557 

—0.0168 

ncid  Cone...., 

21 

5.7538 

-0.0367 

45 

5.6867 

-0.0838 

75 

5.6463 

-0.1242 

Wt.  of  Sample 

5.6995  gm. 

9  hrs. 

5.6993 

0.0000 

acid  Cone...., 

21 

5.6993 

0.0000 

45 

5.6993 

0.0000 

75 

5.6992 

-0.0001 

Wt.  of  Sample 

5.5951  #n. 

9  hrs. 

5.5952 

0.0001 

acid  Cone...., 

21 

5.5953 

0.0002 

45 

5.5954 

0.0003 

75 

5.5955 

0.0004 

Wt.  of  Sample 

5.5909  gm. 

9  hrs. 

5.5909 

0.0000 

Acid  Cone . 

21 

5.5312 

0.0003 

45 

5.5914 

0.0005 

75 

5.5922 

0.0013 

Wt.  of  Sample 

5.7747  gm. 

9  hrs. 

5.7740 

-0.0007 

Water  &  Hydrogen  Sulfide 

21 

5.7738 

-0.0009 

45 

5.7730 

-0.0017 

75 

5.7716 

-0.0031 
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In  acid  solutions. 

Discussion  on  the  Effect  of  Hydrogen  Sulfide 

According  to  the  generally  accepted  reactions  (6) 
and  (7),  we  my  assume  that  sulfur  dioxide  and  sulfur  will  be 
products  of  the  reactions.  Considerations  of  the  rate  of 
corrosion,  where  hydrogen  sulfide  was  bubbled  through  the  acid 
solutions,  may  be  based  on  these  reactions.  It  appeared  that 
hydrogen  sulfide  was  immediately  decomposed  in  93%  sulfuric 
acid.  The  decomposition  in  the  lower  concentrations  of  acid 
was  much  slower,  and  appeared  slight  in  the  62%  concentration, 
with  no  visible  precipitate  of  sulfur  appearing  in  the  37%  con¬ 
centration. 

Some  of  the  sulfur  evidently  dissolved  in  acid  pro¬ 
ducing  a  greenish  to  a  bluish  tint  in  the  solution,  but  on  sat¬ 
uration,  or  near  saturation,  precipitates  out  in  the  yellow  form. 

In  the  case  of  the  93%  acid  the  large  quantity  of  sulfur 
formed  did  not  adhere  very  tenaceously  to  the  metal.  The  sulfur 
separated  quite  readily  when  washed,  leaving  only  a  thin  coat  of 
sulfate  adhering  to  the  metal.  The  reverse  was  the  case  in  the 
77%  concentration,  the  sulfur  adhering  to  the  metal  so  tenaceously 
that  it  was  impossible  to  remove  it  completely  without  the  use 
of  hot  organic  solvents,  like  benzene  or  carbon  bisulfide.  The 
first  few  weighings  as  shown  in  Table  VII  are  abnormal  due  to  the 
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adhering  sulfur.  It  is  advisable  to  discount  these  figures 
ana  only  accept  the  final  readings  -  when  the  metal  was 
thoroughly  cleaned  of  the  sulfur. 

Table  Vli  indicates  clearly  the  results  obtained,  and 
from  the  composite  graph  (Figure  17  )  the  fact  may  be  observed 
that  the  rate  of  corrosion  in  the  93%  solution  saturated  with 
hydrogen  sulfide,  is  almost  identical  to  that  of  the  93%  con¬ 
centration  sat  -rated  with  sulfur  dioxide.  Assuming  the  possibility 
of  instantaneous  conversion  of  hydrogen  sulfide  to  sulfur  dioxide 
in  tne  concentrated  solution,  v;e  wo  Id  have  conditions  similar, 
if  not  identical,  to  those  already  discussed  under  sulfuric  acid 
solutions  which  were  saturated  with  sulfur  dioxide.  The  results 
from  other  concentrations  of  acid  with  hydrogen  suJLfi.de  are  in 
fair  agreement  with  the  same  concentrations  and  sulfur  dioxide. 

The  lute  of  decrease  in  the  77%  solution  is  slower  for  the  seven 
days  unuer  observation.  This  may  be  explained  by  the  fact  that 
the  sulfur  formed  aahered  exceedingly  tenaceously,  as  already 
explained,  exhibiting  a  reduced  rate  of  corrosion  due  to  de~ 
creasea  surface  of  the  etc  being  exposed  to  corrosive  action 
of  the  solution.  The  deposition  of  sulfur  on  the  metal  suggests 
a  catalysed  reaction  on  the  surface. 
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Conclusions  and  Susmary 

The  saturation  of  sulfuric  acid  solutions  by  passing 
sulfur  dioxide  or  hydrogen  sulfide  through  them,  results  in  a 
very  noticeable  acceleration  in  the  rate  of  corrosion  -  the  rate 
being  increased  thirteen  tiroes  in  the  35)*  sulfuric  acid. 

The  anoraalous  behaviour  of  the  77%  acid  with  sulfur 
dioxide  suggests  that  both  the  water  content  and  sulfurous  acid 
content  play  an  important  part  in  the  process  of  corrosion. 

The  rate  of  corrosion  of  lead  in  sulfuric  acid  saturated 
with  sulfur  dioxide  is  nearly  identical  with  that  found  using 
the  sa  e  acids  with  hydrogen  aulfiue,  suggesting  a  common  basis. 
It  is  suggested  that  the  increased  rate  of  corrosion 
in  the  presence  of  sulfur  dioxide  in  the  acid  solutions,  is  due 
to  the  elimination  of  water  us  sulfurous  acid  with  a  resulting 
increased  solubility  of  the  sulfate  and  sulfite.  Further  it  is 
suggested  that  sulfurous  acid,  after  comparatively  long  periods 
of  time,  is  completely  oxidised,  directly  or  indirectly  to 
sulfuric  acid  -  therefore  the  increased  rate  of  solubility  of 
the  sulfate  and  corrosion. 

Finally,  the  evidence  is  fa.rly  clear  that  hydrogen 
sulfide  is  only  an  indirect  method  of  adding  sulfur  dioxide  to 
the  solutions,  since  the  results  obtain©!  were  much  the  same 


with  either  gas 
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‘Hie  Corrosion  of  Lead  by 
Sulfuric  i*,cid  in  Desul for i zing 
Gas  Pressure  Scrubbers. 


Introduction 


xts  the  final  part  of  this  work,  the  reproduction 
of  conditions  existing  in  sulfuric  acid  gas  scrubbers  was 
carried  out  in  a  manner  permitting  quantitative  measurements 
of  corrosion.  In  brief,  a  sample  of  lead  was  suspended  in 
sulfuric  acid  through  which  a  controlled  stream  of  ©dor i zed 
Viking  gas  was  passed.  observation  of  the  late  of  cor- 
rosion,  and  determination  of  the  sulfur  content  of  the  gas, 
it  was  hoped  to  obtain  data  that  could  be  correlated  with 
the  results  of  fart  1  and  Part  11.  While  acid  concentrations 
other  than  93>$  had  no  bearing  on  the  purely  local  problem 
of  the  scrubber  gases,  the  investigation  was  extended  to 
include  the  lower  concent  ations  -  chiefly  for  purposes  of 
correlation  with  the  general  problem. 
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Literature  tev low 

nothing  has  been  re  ported  in  the  literature  on  this 
particular  problem,  aowever,  ranch  information  of  value  is 
available  in  the  literature  on  the  refining  of  petroleum  by 
treatment  with  sulfuric  acid,  for  the  removal  of  sulfur  com¬ 
pounds  (  6  }.  This  v/ork  is  of  i.aportance  since  the  odorants 
added  to  Viking  natural  gas  consist  essentially  of  "  apors  of 
liquid  sulfur  compounds  recovered  in  the  process  of  refining 
sulfur  bearing  oils.  Ho  complete  analysis  has  been  carried  out 
by  the  refinery  as  far  a  is  mown,  or  in  this  laboratory,  but 
knowing  the  source  of  the  odorants,  it  was  considered  that  the 
conclusions  reached  by  ih.lichevsky  and  itagner  (  6  }  could  be 
accepted  as  applicable  to  this  investigation# 

The  odorant  oil,  according  to  the  producers,  is 
largely  low  coiling  hydrocarbons  containing  5-10,'  of  sulfur 
as  mercaptans,  sulfides,  and  disulfides,  together  with  some 
elementary  sulfur. 

. 

uccording  to  lalichevsky  and  Stagner  (6  ),  some  of 
the  sulfur  compounds  in  the  oils  are  corrosive  to  etals.  Those 
immediately  corrosive  to  etals  are  hydrogen  sulfide,  sulfur 
dioxide  in  the  presence  of  moisture,  relatively  large  amounts 
of  free  sulfur  in  oils  free  frora  mercaptans,  or  very  small  traces 
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of  elementary  sulfur  in  oil  in  the  presence  of  uercaptans* 
Mercaptuns  themselves  are  not  corrosive  unless  elemental 
sulfur  is  also  present.  Sulfides  and  disulfides  are  not 

corrosive. 

They  have  suggested  the  following  reactions  to 
account  for  the  effect  of  sulfuric  acid  on  sulfur  compounds 
usually  found  in  petroleum  distillates* 

ESH+.HgS04  *  ESH£}03+  H20  (1) 

iiSH  r  HSHSOg  =  ( BS  j  2S  Cfe  r  H2  0  { 2 ) 

(BSjgSOg  *  SQ2  (3) 

These  reactions  show  that  merfiftptaas  are  oxidized  to  disulfides, 

and  the  acid  reduced  to  sulfurous  acid  in  the  process.  In  the 
presence  of  water  the  sulfur  die  ide  gives  rise  to  sulfurous  acid. 

They  also  state  that  sulfur  is  produced  from  a  side 
reaction,  the  reduction  of  H23Q4;  that  alkyl  sulfides  and  alkyl 
disulfides  and  thiophenes  are  all  relatively  very  soluble  in 
fuming  or  93 <%  sulfuric  acid,  but  only  slightly  soluble  in  the 
73/j  concentration,  and  that  hydrogen  sulfide  is  oxidised  by  the 
9Z'/j  and  stronger  acids  to  free  sulfur  according  to  trie  following 
equations 

HgS  +  HgS04  -  S  +  2H20  *  S02  (4) 

sulfoxides  and  sulfones  are  similarily  removed  by  their  solu¬ 
bility  in  the  93}<j  or  stronger  acids.  Alkyl  sulfates,  formed 
during  the  re  ction,  are  also  removed  by  solution  in  the  fuming 
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and  93$  acids  and  to  a  lesser  extent  in  the  73$  concentration. 

Tne  principal  consideration  in  this  investigation  is 
t  i.e  formation  of  the  sulfur  dioxide  (which,  was  very  noticeable 
in  the  off-gases)  fra  >  the  mere&pt  ns. 


PLATE  4 


Showing  the  apparatus  as  illustrated 
in  Figure  IV.  The  compressor,  storage 
system,  and  Bourdon- tube  recording 
guage  are  not  shown  in  this  plate. 
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Materials 

The  autoclave,  shewn  approximately  two-fifths  sisse 
in  Figure  5,  was  constructed,  of  18-8  Austenitic  Chrom-nickel 
Alloy  Steel.  This  alloy  is  not  appreciably  attached  by  sul¬ 
furic  acid  in  any  concentration. 

The  metal,  acid  solutions,  and  mercury,  were  prepared 
as  described  in  Part  1. 

The  natural  gas  was  taken  directly  from  the  city  gas 
mains  and  on  analysis  in  the  laboratory  was  found  to  be  of  the 
following  composition  by  volume? 


No 

C'O 


90.3  % 
2.84/6 
6.71% 
0,15% 


Sulfur  analysis  indie,  ted  a  sulfur  content  of  6.48  gr  ins  per 
100  cubic  feet  of  gas,  and  was  remarkably  constant  during  the 

course  of  the  experiments, 
apparatus 


The  high  pressure  apparatus  was  assembled  as  shown  in 
Figure  5.  A  three-stage  compressor  capable  of  raising  the  pressure 
to  4,000  pounds  was  connected  to  a  large  gas  storage  tank,  which 
in  turn  was  connected  to  an  auxiliaiy  tank  through  a  check  valve. 
The  auxiliary  tank  was  connected  by  a  three-way  valve.  A,  to  the 
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Three-way  connection 
Trap  for  mercury  and  acid 
Needle  valve 
Thermostat 
Heater 

Thermo regulator 
Check  valve 

Bourdon-tube  recording  guage 

Autoclave 

Stirrer 

Expansion  valve 
Flow  meter 
Soda-lime  tower 
Sargent  We t  Test  Meter 
Platinum— tipped  microburner 
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Bourdon-tube  recording  guage,H,  and  to  the  trap,B,  which  was 
fitted  with  a  needle  valve,  C.  The  trap,  B,  was  connected  to 
the  bottom  of  the  autoclave  through  the  check  valve,  G.  From 
the  top  of  the  autoclave,  I,  the  connection  was  made  to  a  heated 
expansion  valve,  &,  then  to  a  flow  raster,  L,  then  through,  M, 
a  soda-lime  towor  whic was  connected  to  a  Sargent  let  'lest 
he  ter,  N.  The  outlet  from  the  raster  was  attached  to  a 
piatinuia-tip  ed  microburner,  O, 

The  apparatus  for  controls  at  atmospheric  pressure, 
was  of  the  type  described  under  hydrogen  sulfide  in  Part  11, 

In  one  set  of  experiments  a  connection  in  series  was  used, 
while  in  the  second  set,  the  parallel  arrangement  was  used. 

The  gas  w,  3  taken  from  the  gas  line  used  in  the  laboratory  for 
routine  purposes. 
analytical  Methods 

In  the  high  pressure  experiments,  the  apparatus  was 
connected  as  shown  in  Figure  5,  ercury  was  poured  into  the 
autoclave  to  the  height  of  one  and  a  half  inches  as  a  seal 
between  the  steel  con  acting  tubing  and  the  acid.  The  volume 
of  the  acid  solution  which  was  added  next  was  150  cc.  The 
lead  sample  was  suspended  in  the  acid  by  means  of  a  glass  hook 
attached  to  tde  autoclave  head.  The  head  of  the  autoclave  was 
securely  tightened  in  lace  and  the  valve,  G,  opened  very 
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1/8  inch  opening 
3/16  inch  opening 
The  head  -  fastened 
with  six  bolts. 
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3 lightly,  allowing  the  gas  from  the  auxiliary  storage  tank 
to  fill  the  autoclave  by  bubbling  through  the  acid  solution. 

When  the  pressure  in  the  autoclave  reached  equilibrium  with 
that  in  the  auxiliary  tank,  the  expansion  vaive,  K,  slightly 
heated,  was  adjusted  to  the  desired  rate  of  flow, 
this  being  fc  iiLted  by  the  use  of  the  flow  meter,  L. 

The  scrapie  of  metal  was  taken  from  i__e  autoclave 
once  in  twenty-four  ho  s,  anu  after  washing  and  drying,  the 
change  in  weight  was  noted.  Three  to  four  days  was  considered 
sufficiently  long  to  ive  an  indication  of  the  rate  of  reaction. 

On  com.  let  ion  of  an  experiment  with  one  piece  of  metal, 
the  acid  was  removed  fro  .  the  autoclave,  a  new  solution  was  poured 
in  and  the  metal  changed.  The  autoclave  was  caref  lly  cleaned 
before  a  new  experiment  was  co  -  enc6d. 

During  the  progress  of  the  action  of  the  acid  on  the 
metal,  analysis  of  the  gases  going  into  the  autoclave  and  leav¬ 
ing  it,  were  made  for  sulfur.  The  analysis  was  carried  out  on 
the  following  gases; 

(1)  the  natural  gas  from  the  auxiliary  tank  or  city  main; 

(2)  the  gas  after  it  passed  through  the  acid  solution; 

(3)  the  gas  after  it  passed  through  the  soda-lime  tower. 

Tests  were  also  carried  out  on  the  gas  after  it  passed  through 
the  acid  for  hydrogen  sulfide,  but  no  traces  of  the  gas  were 
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A  . ...  Sodium  carbonate  solution 
B  ....  Fritted  glass  filter 
G  . ...  Microbumer 
D  Pyrex  trumpet 

E  ....  Connection  to  suction 
F  . ...  Connection*  to  meter 
G  ....  Platinum  tip  on  burner 
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found  using  lead  acetate.  It  was  evident  from  the  odor  that 
S02  was  present  in  the  gas  after  acid  washing  and  was  completely 
absorbed  by  the  soda-lime  tower.  T®  -  complete  sets  of  analyses 
were  carried  out  on  the  gases  during  the  observations  on  e  ch 
piece  of  metal.  The  apparatus  for  sulfur  analysis,  preparation 
of  reagents,  and  procedure,  are  based  on  the  Before©  »s  method, 
modified  as  described  below s 

he  to  min:  tion  of  Sulfur  in  ed prized  Viking  datura!  Gas 

fester ials 

standard  Sodium  Carbonate,  a  pure  sample  of  sodium 
carbonate  was  dried  in  an  oven  at  200 °G. ,  and  a  portion  of  this, 
equal  to  1.6529  grams,  was  weighed  out,  and  distilled  water 
added  to  make  up  to  1,000  cc. 

Standard  Sulfuric  Acid.  The  solution  was  prepared  by 
diluting  62.6  cc.  of  a  half  normal  acid  solution  to  one  liter. 

It  was  standardized  against  standard  sodium  hydroxide  and  checked 
against  the  sodium  carbonate  solution,  then  adjusted  to  exactly 
the  same  normality  as  the  sodium  carbonate. 

methyl  Qrange.  The  methyl  orange  was  prepared  by 
weighing  out  0.003  gm.  of  methyl  orange  and  aking  up  to  one 
liter.  For  convenience,  it  was  kept  in  a  liter  wash  bottle. 


. 


.  - 
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.apparatus 

A  diagram  of  the  apparatus  used  is  shown  in  Figure 
6.  A  test  meter  as  shown  in,  M,  Figure  6,  (graduated  to 
1/1,000  of  a  cubic  foot)  was  connected  to  the  microburner,  C, 
placed  beneath  the  pyrex  glass  trumpet,  D»  The  txmmpet,  •  , 
was  connected  by  means  of  a  short  rubber  tube  to  a  fritted 
glass  filter,  B*  This  filter  was  fitted  in  such  a  manner 
that  the  gas  leaves  the  filter,  B,  near  the  uottom  of  the 
sodium  carbon;  te  solution  and  passes  upwards  through  it. 

The  filter  as  securely  fitted  into  the  top  ox  the  collecting 
bottle  by  .cans  of  a  rubber  stopper.  The  bottle,  A,  was 
connected  to  a  suction  line.  The  suction  pump  was  adjusted 
to  draw  ai_  the  products  of  combustion  from  the  burner,  to¬ 
gether  with  some  excess  air,  through  the  sodium  c  rbonate 
solution,  by  o  ;vation  of  the  behaviour  of  the  flame. 

The  determination  was  made  as  follows}  The  water 
in  the  meter  was  kept  saturated  with  gas  by  its  continuous 
passage  from  the  storage  system.  Before  making  the  analysis, 
the  meter  was  flushed  with  at  least  0*2  eu.  ft.  of  the  gas  to 
be  analysed.  The  platinum-tip  ed  microburner  was  connected  by 
means  of  a  rubber  tube  to  the  eter  as  shown  in,  0,  Figure  6. 

The  glass  filter  was  then  connected  to  the  trumpet,  the  suction 
pump  attached,  the  gas  iighted,  the  burner  quickly  put  in  place. 


. 


. 
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and  the  products  of  combustion  aspirated  through  the  reaction 
bottle  until  0.05  to  0.1  cu.  ft.  of  gas  was  burned.  The  flame 
was  then  removed,  the  aspiration  continued  for  about  two 
minutes,  and  the  apparatus  allowed  to  cool  to  room  temperature. 
The  glass  filter  was  then  washed  with  a  fine  jet  of  water,  the 
solution  from  the  reaction  flask  was  poured  into  a  100  cc. 
Kessler  tube,  the  flask  washed  with  water,  and  finally  with  10 
cc.  of  the  methyl  orange  sclui-uoa,  the  washings  being  added  to 
the  Messier  tube .  The  excess  sodium  carbonate  was  titrated 
with  standard  sulfuric  cid  to  give  the  cubic  centimeters  of 
sodium  carbonate  converted  to  soditea  sulfite.  In  carrying  out 
the  titration,  too  color  controls  were  used#  (1)  25  cc. 

of  the  sodium  carbonate  solution  u  added  to  a  Kessler  tube, 
10  cc.  of  methyl  orange,  and  water  added  to  equal  the  volume 
of  the  titrated  solutions.  (2)  25  cc.  of  the  sodium  carbonate 

solution  was  titrated  with  25  cc.  of  the  acid  solution  -  the 
color  at  the  end  point  was  used  as  the  color  control  for  the 
rest  of  the  analyses.  Using  this  method, it  was  found  that 
error  in  color  reading  was  negligible.  After  the  controls 
were  made,  the  actual  analysis  was  proceeded  with  in  the 
following  orders  First,  gas  after  it  had  passed  through  the 
sod^-limo  toner;  second,  gas  before  it  passed  through  the 
soda-lime  but  after  passing  through  the  acid;  third,  gas 


. 


. 


. 
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drawn  directly  from  tne  storage  tank*  This  gas  was  drawn 
tlirough  the  needle-valve,  C,  Figure  6* 

In  calculating  the  a  taunt  of  sulfur  present  the 
following  equation  was  used  to  give  results  in  the  usual 

units i 

Grains  S  per  100  cu*  ft.=  Ho*  Qf  ce*  of  Ha2C03  x  U,r/xu 

Ciu  ft*  of  gas*used  {  Fi;.  P* } 

The  sulfur  content  of  the  gas  before  passing 

t  trough  the  acid  .  ao  found  to  b©  resin  rkably  constant  at 

nearly  6.5  grains  per  100  cu.  ft. 
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11© suit 8  and  discussion 


These  experiments  differed  radically  in  some  respects 


from  those  in  Parts  1  and  11.  First,  the  amount  of  acid  solution 
(15o  cc.)  was  much  larger  in.  the  pressure  experiments  than  under 
atmospheric  pressure.  Second,  the  amount  of  sulfur .  in  the  total 
volume  of  gas  paused,  was  very  aich  less  than  in  the  experiments 
in  Part  II.  The  experiments  in  this  section,  at  atmospheric 
pressure,  used  the  same  volume  of  acid  solution  ( 30  cc. )  as 
previously,  nt  the  second  difference  noted  above,  was  t,.  , 

However ,  despite  the  small  amount  of  sulfur  involved,  the  rate 
of  corrosion  was  appreciably  accelerated  by  the  presence  of  the 
odorized  gas. 


Fro,  the  data  on  the  sulfur  analysis,  as  shown  in 


Tables  XI  and  Xll,  it  is  evident  that  the  sulfur  compounds  in 
the  gas  were  almost  cos.  lately  converted  to  sulfur  dioxide  by 
the  93£>  acid*  the  extent  of  conversion  decreasing  with  con¬ 
centration.  In  the  -i?a  concentration  the  amount  converted 
was  almost  negligible.  Tests  for  hydrogen  sulfide  showed 
negative  results.  It  is  aossiblo  th  t  hydrogen  sulfide  is  a 
primary  product  of  the  decomposition  of  raercaptans ,  but  ; 


presence  of  acid,  is  immediately  converted  to  a  sulfur  dioxide. 


sulfur,  and  water  as  in  reactions  (4)  above,  and  (7)  of  Tart 
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Lead  in  Sulfuric  ^cici  and  Odor i zed  Viking  Natural  Gas. 


Temperature  . Hoorn  Temp . 

Pressure  . . . . . . . Atmospheric. 

Amount  of  .acid  used . .  30  ee. 


The  gas  was  passed  through  the  five  solutions  with  test  tubes 
connected  in  series,  passing  through  the  95/S,  77%,  62%,  37% 
acid,  and  water,,  in  the  order  named. 


Time 

Wt.  After 

Change 

Wt.  of  Sample  5.4977  gm. 

9  hrs. 

5. 4839 

-0.0138 

Acid  Cone..... ....93%  • 

21 

5.4738 

-0.0239 

45 

5.4596 

-0.0381 

75 

5.4596 

-0.0381 

Wt.  of  Sample  5.2970  gm. 

9  hrs. 

5.2969 

-0.0001 

Acid  Cone......... 77%  • 

21 

5.2969 

-0.0001 

45 

5.2966 

-0.0004 

75 

5.2965 

-0.0005 

Wt.  of  Sample  5.6175  gra. 

9  hrs. 

5.6174 

-0.0001 

Acid  Cone. ........ 62%  • 

21 

5,6174 

-0.0001 

45 

5.6178 

0.0003 

75 

5.6181 

0.0006 

Wt.  of  Sample  5.4787  gra. 

9  hrs. 

5.4792 

0.0005 

Acid  Cone... . 37%  • 

21 

5.4795 

0.0008 

45 

5.4802 

0.0015 

75 

5.4809 

0.0022 

Wt.  of  Sample  5.4351  gm. 

9  hrs. 

5.4357 

0.0006 

Water  &  Natural  Gas. 

21 

5.4364 

0,0013 

45 

5.4374 

0.0023 

75 

5.4395 

0.0044 
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TABLE  t 


Lead  in  Sulfuric  Acid  and  Ouorized  Viking  Natural  Qas. 

Temperature  ....................  Room  Temp. 

Treasure  .......................  atmospheric. 

aeiouju  of  Acid  used  ............  30  cc. 

The  gas  was  passed  through  the  five  solutions  with  the  tost  tubes 


connected  in  parallel  -  the 

flow  was 

equalized  by  means 

of  screw 

clamps  on  the  rubber  connections. 

Time 

et.  -fter 

Change 

Wt.  of  Sample  5.4375  gm. 

9  hrs. 

5.4184 

—0.0191 

iicid  Cone . 93%  . 

18 

5.4075 

-0.0300 

27 

5.4004 

-0.0371 

51 

5.3970 

-0.0405 

75 

5.3948 

-0.0427 

7  day  s 

5.3898 

-0.0477 

32 

5.3388 

-0.0987 

Wt.  of  Sample  5.4335  gnu 

9  hrs. 

5.4332 

-0.0003 

Acid  Cone.... .....77%  • 

18 

5.4330 

-0.0005 

27 

5.4328 

-0.0007 

51 

5.4326 

-0.0009 

75 

5.4328 

-0.0007 

7  days 

5.4328 

-0.0007 

32 

5.4314 

-0.0021 

Wt.  of  Sample  5.3854  gm. 

9  hrs. 

5.3855 

0.0001 

Acid  Cone . . 62%  . 

18 

5.5855 

0.0001 

27 

5.3854 

0.0000 

51 

5.3853 

-0.0001 

75 

5.3853 

-0.0001 

7  days 

5.3864 

0.0010 

32 

5.3865 

0.0011 

(Continued  on  next  page.) 


.  .  . 


Wt.  of  Sample 
a.eid  done.... 


Wt.  of  Sample 
Water 


Wt.  of  Sample 
In  dry  gas. 
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<2 mm  X  {  Coat*  d) 


•  40  gm. 

...37%  . 


.4603  gta. 


.4552  gm. 


lime 

9 

hrs. 

18 

27 

51 

75 

7 

days 

32 

9 

hrs. 

18 

27 

51 

75 

7 

days 

32 

9 

hrs. 

18 

27 

51 

75 

7 

days 

32 

wt.  Afuor 

5.4339 

5.4338 

5.4338 

5.4339 
5.4341 
5.4347 
5.4358 

5.4600 

5,4595 

5.4591 

5.4591 
5.4591 
5.4591 
5.4591 

5.4552 

5.4552 

5.4550 

5.4550 

5.4549 

5.4549 

5.4549 


Change 

-0.0001 

-0.0002 

-0.0002 

-0.0001 

0.0001 

0.0007 

0.0018 

-0.0003 

-0.0008 

-0.0012 

-0.0012 

-0.0012 

-0.0012 

-0.0012 

0.0000 

0,0000 

-0.0002 

-0.0002 

-0.0003 

-0.0003 

-0.0003 
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FIGURE  14 


11.  The  proauction  of  sulfur  dioxide.  In  all  probability, 
follows  the  reactions  (1),  (2),  and  (3)  shown  above. 

Table  X,  supplemented  with  observations  from  Table 
IX,  Saow  the  resuts  obtained  under  atmospheric  conditions. 

The  data  of  Table  IX  are  not  reliable  for  concentrations  other 
than  that  of  the  93)5  aeid,  since  the  gas  jjassed  through  the 
acids  in  series,  and  was  largely  freed  of  sulfur  in  the  first 
reaction  vessel  -  t  e  93,  acid.  It  may  be  observed  in  Figure 
17,  and  Table  IX,  that  the  rate  of  corrosion  for  the  first 
twenty-four  hours  is  only  slightly  less  than  the  rates  given  in 
Tart  11,  where  sulfur  dioxide  or  hydrogen  sulfide  was  the  added 
agent  of  corrosion.  Table  X,  and  Figures  14  and  17,  show  a 
•What  greater  rate  of  corrosion  in  an  equal  period  of  time. 
Following  th.  twenty-four  hour  period  of  corrosion,  passivity 
sets  in  t  extent,  as  shown  by  &  decreased  rate  of  corrosion. 

Table  X,  shows  that  the  rate  changes  only  slowly  for  the  next 
twenty-five  days,  the  average  being  slightly  greater  than  the 
rate  bo  tween  hie  second  and  the  seventh  lay.  It  is  suggested 
that  the  slow  rate  of  corrosion  after  the  first  day  is  due  to 
the  limited  supply  of  sulfur  dioxide  available  as  compared  to 
the  experiments  in  Fart  11.  The  tabulated  results  show  that 
the  rate  at  the  end  of  thirty-two  days  is  considerably  greater 
than  that  found  wit  a  93%  acid  alone.  It  is  also  shown  in  Table  X, 
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that  tile  77%  solution  behaves »  initially,  like  77%  solution 
where  sulfur  dioxide  was  added,  but  the  sudden  increase  in  the 
rate  of  corrosion  does  not  occur  as  it  did  with  the  same  con¬ 
centration  and  sulfur  dioxide.  It  is  probable  that  the  be¬ 
haviour  with  natural  gas  would  have  duplicated  that  with  sulfur 
dioxide  if  sufficient  gas  had  been  passed  to  supply  an  equivalent 
amount  of  sulfur  dioxide. 

The  rate  of  corrosion  under  pressure,  as  given  in 
Table  XI,  Figure  15,  for  1,000  pounds  per  sq.  inch,  and  in 
Table  XII,  Figure  16,  for  5,500  pounds  per  sq,  inch,  was  of 
considerable  interest.  The  graphs  of  Figure  17,  show  that  the 
rates  under  pressures  of  1,000  and  3,500  pounds  are  practically 
the  same  for  the  93%  acid.  Compared  to  the  data  of  Table  X, 
the  rate  is  initially  less,  but  definitely  greater  at  the  end 
of  three  days.  Compared  to  experiments  with  sulfur  dioxide, 
(Table  VI)  the  rate  of  corrosion  is  only  one-half  to  one-third 
as  great.  It  may  again  be  said  tint  the  amount  of  sidLfur  in 
the  ga3  is  the  determining  factor.  Considering  the  small  amount 
of  sulfur  added,  the  corrosion  is  relatively  large,  and  suggests 
that  pressure  has  an  appreciable  effect  in  the  presence  of 
sulfur  dioxide. 

It  would  be  interesting  to  carry  out  these  experiments 
using  the  same  quantity  of  acid  in  each  case,  and  the  same  rate 
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FIGURE  16 
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of  gas  flow,  while  extending  the  period  of  observation 
sufficiently  to  ensure  that  the  suifuric  acid  was  saturated 
with  sulfur  dioxide. 

Although  the  amount  of  sulfur  in  the  odorants  of  the 
gas  was  relatively  low,  yet  the  rate  at  the  end  of  four  days 
was  six  times  that  under  atmospheric  conditions  with  no  sulfur 
dioxide  present,  and  approximately  three  and  a  half  times  as 
rapid  as  results  obtained  under  similar  pressure  but  lacking 
the  sulfur  uioxide  in  the  acid.  This  can  be  gathered  from  the 
results  illustrated  in  Figure  17, 

In  the  lower  concentrations  of  acid,  the  rates  are 
comparable  to  those  where  pressure  alone  was  used  (as  dis¬ 
cussed  in  fart  1).  Very  slight  corrosion  secured  in  the  77%, 
62%,  and  37%  acid  at  any  pressure,  during  the  four  days  ob¬ 
served.  The  explanation  offered  is  the  saroe  as  given  earlier, 
that  the  amount  of  sulfur  available  was  too  small  to  raise  the 
concentration  of  sulfur  dioxide  in  the  acid  to  the  value  re¬ 
quired  for  corrosion. 

The  question  was  raised  as  to  the  possibility  of  a 

) 

galvanic  action  occuring,  since  the  acid  was  in  contact  with 
the  autoclave.  In  order  to  obtain  some  data  on  such  an  effect, 
if  any,  and  to  obviate  the  necessity  of  lining  the  autoclave 
with  acid-proof  material,  (glass  was  tried,  but  the  gas  followed 


. 
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T^BLB  XIII 

18-8  austenitic  Steel  and  Lead  in  Contact  with  It 

Temperature  ......................  25  degrees  C. 

Pressure  .........................  5500  pounds . 

Amount  of  acid,  used  ..............  150  cc. 


Austenitic  Steel 


i'P-5 


urte 


Wt.  After 


austenitic  Steel  Continued  Alone 
after  Treating  with  Fuming  HNGg 

Wt.  of  Aust.  Steel  12.5492  24  hrs. 

Surface  area  .....  5  sq.  in. 

Acid  Cone . .  93% 


12.3358 


Acid  changed  for  each  serios  of  runs, 


Per  Sq.  : 

Wt.  of  Sample  12.4430  ga. 

24 

hrs. 

12,4430 

0.0000 

Surface  area 

3  sq. 

inches 

48 

12.4428 

-0.0001 

Acid  Cone... 

93% 

72 

12.4427 

-0.0001 

96 

12.4426 

-0.0001 

austenitic 

Steel 

&  Lead 

Wt.  of  AUSt. 

Steel 

12*4426 

24 

hrs. 

12.4362 

-0.0021 

Surface  area 

3  sq.  in, 

.48 

12.4272 

-0.0051 

r*  j  d  fibrin _ - 

93% 

72 

96 

12.4118 

-0.0103 

Wt.  of  Lead  £ 

i.5119 

gra. 

24 

hrs. 

5.5039 

-0.0080 

Surface  area 

l  sq. 

inch 

48 

5.4907 

-0.0212 

.-tcid  Cone... 

93% 

72 

96 

5.4587 

-0.0432 

Austenitic 

Steel 

Continued  Alone 

Wt.  of  Aunt. 

Steel 

12.4118 

24 

hrs. 

12.3968 

-0.0050 

Surface  area 

3  sq.in. 

48 

12.3739 

-0.0126 

Acid  Cone.... 

93% 

72 

12.3500 

-0.0206 

-0.0044 
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the  wall  of  the  autoclave  instead,  of  passing  directly  through 
the  mercury ,  and  the  facilities  for  other  methods  of  insulation 
were  lacking  or  would  have  made  the  results  probably  as  doubtful), 
it  was  decided  to  observe  the  rate  of  corrosion  on  alloy  steel 
of  the  same  composition  used  in  the  manufacture  of  the  autoclave, 
namely,  18-8  Austenitic  Chrom-nickel  Alloy  Steel. 

The  results  of  the  observations  are  shown  in  Table 
Xlll*  For  the  first  four  days  the  corrosion  of  the  metal  was 
negligible  in  the  93%  acid.  A  slight  decrease  in  weight,  as 
shown  in  Table  Xlll,  suggested  that  corrosion  was  slow,  at 
first  and  would  increase  with  time.  Following  the  four  day  test, 
a  piece  of  lead.,  of  size  and  shape  used  in  previous  experiments  s 
was  placed  in  contact  with  the  alloy  steel*  The  conditions  as 
to  pressure,  and  the  rate  of  gas  flow  were  the  same  as  those  pre¬ 
vailing  when  lead  alone  was  in  the  acid  solution® 

The  plotted  results,  Figure  17,  indicate  that  corrosion 
was  not  the  result  of  galvanic  action  between  the  lead  and  the 
alloy  steel.  The  actual  amount  of  corrosion  of  the  lead  in¬ 
dicates  that  nearly  half  of  the  surface  of  the  lead  was  taken 
out  of  direct  contact  with  the  acid  -  this  may  be  assumed  to 
be  the  surface  in  contact  with  the  alloy  steel.  Had  galvanic 
action  taken  lace  in  any  of  the  reactions,  during  the  series 
of  experiments,  the  logical  concentration  to  show  this  galvanic 


. 
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effect  would  have  been  the  37  '  concentration,  but  nothing  in 
the  data  on  this  concentration  suggests  that  galvanic  action 
had  been  a  factor  in  the  observed  corrosion. 

Finally,  the  rate  of  corrosion  in  its  relation  to  the 
life  of  lead  gaskets  in  the  high  pressure  sulfuric  acid  scrubbers 
is  of  interest.  The  observed  rate,  in  Tables  XI  and  Xll,  for 
the  93 io  acid  gives  a  rate  of  penetration  of  approximately 
0,0001  inches  per  day  for  the  first  three  days.  Expressed 
otherwise,  this  is  0,0003  gm.  Pb,  per  sq.  cm.  per  day*  These 
rates  are  much  less  (one  fourth  or  so),  than  the  rates  in  the 
scrubber's.  The  fact  that  corrosion  products  protect  the  gaskets 
to  a  greater  extent  makes  the  diacrepeney  even  more  pronounced. 
However,  the  corrosion  observed  in  the  gaskets  is  after  periods 
of  one  hundred  to  two  hundred  days,  and  extrapolation  from  an 
effect  obtained  over  three  or  four  days  is  hardly  justified. 

It  may  be  suggested  that  during  this  longer  period  of  time,  the 
acid  becomes  saturated  with  sulfur  dioxide,  resulting  in  in- 
creased  corrosion  over  that  found  in  the  controlled  conditions. 

Summary  and  Conclusions 

It  was  found  that  sulfur  dioxide  was  one  of  the  products 
formed  when  odorized  natural  Viking  gas  was  passed  through  sul¬ 
furic  acid.  Test 3  did  not  reveal  the  presence  of  any  hydrogen 


. 


' 


-92- 

s uI fide  la  the  off-gases. 

On  the  wholes  oni,y  slight  difference  seems  to  exist 
as  to  the  influence  of  pressure  on  the  rate  of  corrosion,  under 
the  conditions  existing  in  this  series  of  experiments.  It  is 
probable  that  experiments  under  pressure,  for  longer  periods 
of  time,  would  show  this  difference  to  a  greater  extent. 

From  the  data  obtained,  it  seems  definite  that  the 
corrosion  of  the  lead  gaskets  in  the  sulfuric  acid  gas 
pressure  scrubbers  was  due  to  the  action  of  sulfur  dioxide 


under  high  res  sure 
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General  Discussion 

Visual  inspection  and  theory  suggested  tliat  corrosion 
of  lead  by  sulfuric  acid  produced  lead  sulfate  as  the  final  pro¬ 
duct,  with  small  a. counts  of  sulfur  being  included  in  the  pre¬ 
cipitate* 

Analysis  of  the  precipitates p  which  were  principally 
from  experiments  with  acids  of  high  concentration,  and  prolonged 
reaction,  showed  the  following  percentages  of  sulfur  presents 

20%  fuming  suifUric  acid  ............a..  1.50%  S. 

93%  sulfuric  -saturated  with  SQP  ........  0.89%  3. 

93%  sulfuric  saturated  with  nat.  gas  . ..  8.00%  3. 

9 o/o  sulfuric  acid  . « o . « . « 000.9000.000.00  2. <->*0%  8. 

Lack  of  precipitated  iaaterial  did  not  permit  analysis  in 
duplicate  and  the  results  of  8.0%  and  2.5%  may  be  questioned 
due  to  the  limited  amount  of  precipitate  available  for  analysis. 

The  per  cent  sulfur  present  was  determined  by  volatil¬ 
ising  till  sulfur  from  a  weighed  quantity  of  dried  precipitate. 

Qualitative  analysis  for  sulfur  was  made  by  extracting 
the  sulfur  with  benzene  and  evaporating  vhe  solvent.  A  yellow 
residue  was  left  in  the  evaporating  dish,  which  on  ignition 
produced  copious  amounts  of  sulfur  dioxide.  As  another 
qualitative  test  for  sulfur  in  the  fuming  aeid,  we  may  consider 
the  formation  of  the  blue  coloration  as  indicative  of  the 
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formt  ion  of  free  sulfur* 

Tests  were  carried  our  for  lead  sulfite  by  using 
dilute  sulfuric  acid  on  the  precipitates*  These  tests  showed 

negative  results. 

The  corrosion,  was  moat  pronounced  in  pits.  It  also 
appeared,  to  be  intercostal  line*  along  gliding  planes  and 
cleavage  faces,  but  sufficient  microscopic  work  was  not  carried 
out  to  make  it  conclusive.  The  sharp  edges  aid  not  appear  to  be 
attacked  to  any  ap  reciabie  extent  after  long  periods  of  time, 
as  for  example,  the*  eighty-four  dap  corrosion  in  the  33 %  sulfuric 
acid  saturated  v/ith  sulfur  dioxide.  The  corrosion  appeared  to 
be  remarkably  uniform  over  the  entire  surface,  llo  evidence  of 
increased  or  decreased  corrosion  v/as  observed  at  the  points  of 
rost,  or  along  the  margin  of  the  hole  which  was  punched  in  the 
raet..l  for  the  purposes  of  suspension  or  removal.  It  was  ob¬ 
served.  that  the  part  of  the  -etal  protected  by  the  precipitate 
at  the  bottom  of  the  reaction  vessel  {atmospheric}  showed  a  de¬ 
creased  rate  of  corrosion.  This  was  illustrated  to  advantage 
in  the  20 %  fuming  acid,  where,  after  a  period  of  two  weeks  the 
upper  part  was  nearly  entirely  corroded  away  while  the  lower 
portion  showed  a  considerable  thickness  of  metal. 
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Genoral  Conclusions  and  afaamary 

Treasure  shows  a  definite  increase  in  the  rate  of 
corrosion  in  sulfuric  acid,  especially  in  the  93,  concentration® 
Corrosion  rate  is  increased  by  the  presence  of  sulfur 
dioxide  or  hydro  en  sulfide. 

factions  are  appreciably  accelerated  in  acid  solutions 
co  t  .i  ing  sulfur  dioxide,  if  ressure  is  an  added  factor. 

The  rate  of  corrosion  under  atmospheric  conditions 
appears  to  be  directly  dependent  on  the  amount  of  water  present 
in  the  acid.  It  may  be  postulated  that  corrosion  of  lead  in 
sulfuric  acid  is  direct!  proportional  to  the  acid  concentration, 
and  may  be  represented  as  follows: 

HaS04.i03)H2S°4,S02>>  H2s°4)  H2S04-H2S0s>HgS0ss  -  wit*  the 
rate  of  reaction  being  accelerated  under  the  influence  of 
pressure. 
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